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MECHANICS. 



TRINITY COLLEGE, 1818. 

1. JJlSTINGUISH between the real and apparent motions, of 
a person walking across the deck of a ship under sail ; and also of a 
heavy body let fall from the mast-head : — and, for each case, prove 
their agreement geometrically. 

2. If the angle, at which two given forces act, be diminished, 
the compound force is increased. 

3. If a body be kept at rest by three forces, and lines be drawn, 
making each the same angle with the directions in which they acts 
and towards the same parts, — the sides of a triangle formed by these 
lines will represent the quantities of the respective forces. 

4. Enumerate the simple mechanical powers ; and give familiar 
instances of the lever (of both kinds), the wheel and axle, and the 
wedge. 

5. Prove the general proposition of the screw : and find nume- 
rically the weight that could be sustained by a power of 1 lb. at the 
distance of three yards from the axis of the screw,~-the distance of 
two contiguous threads bebg one inch. 

6. If a lever be put in motion, the velocity of power : velocity 
of weight : : weight : power. 

7« A spherical body rests upon two planes, inclined to the horizon 
at the angles of 45^ and 60^ respectively. Compare the pressures. 

8. Investigate the rule for finding the centre of gravity of any 
number of particles of matter A, B, C, 2), &c. ; and demonstrate 
geometrically, that the same point will be discovered, in whatever 
order the particles are taken, (e. g. whether we find E the centre 
of A and B, then the centre of C and A+B placed at E, and so 
on,— or whether we begin with finding the centre of A, C, &c. &c.) 

[Supp. P. IL] B 



2 EXAMINATION PAPERS [2Wn. 

9^ If a triangle, whose sides are in the ratio of 3, 4, 5, be sus- 
pended by the centre of the inscribed circle, — shew that it cannot 
remain at rest, unless the shorter side be in an horizontal position. 

10. Find the centre of gravity of a quadrilateral pyramid. 

11. Prove that the rfelatiVe velocity before impact : relative 
velocity after : : force of compression : force of elasticity : — and that 
in all cases of imperfect elasticity, this ratio is greater than that of 
Aa?' + Bh- to i4p« + B^«, (whete a and 6 are the velocities of Ay B 
before impact, p and q their velocities after.) 

12. Shew that the velocity communicated by il to C through B, 
where B is of an intermediate magnitude, is greater than what would 
be immediately communicated from ^ to C in the case of perfect 
elasticity ; —also that this velocity is the greatest, when 5 is a mean 
proportional between A and S. 

13* If a body strike upon a plane at an angle of incidence 6, and 
Vrith velocity v — prove that the direction and velocity, after reflection, 
are found by the proportions tan.0' : tan.6 : : force of compression 
: force of elasticity, and v' \ v ll sin.6 : sin.6'» What must be the 
angles of incidence and reflection— where the velocity before impact 
: velocity iafter : : v^2 : 1, and force of compression : force of 
elasticity : : v^3 : 1 ? And how do tbe general propositions apply 
to the case of perfectly hard bodies ? 

14<. If V, v' be any two velocities of a body either falling or 
rolling down an inclined plane*— what will be its velocity at the 
middle point of space between them ? 

15. A body {P) weighing 1 lb. is thrown downwards ftt)m the 
top of a tower 270 feet high, with a velocity of 40 feet in a second ; 
and at the same instant a body ( Q) weighing 9 lbs. is thrown up- 
wards in the same line fh)m the foot of the tower with a velocity of 
50 feet in a second. In what time and at what height will they 
meet ? and after the impact (supposing them perfectly elastic) what 
will be their velocities and directions ; and how long will it be before 
each' of them reaches the ground? 

16. Given a point without a circle ; it is l^qutted to And the line 
of quickest descent to the circumference. 



• ^•^ • • 

« !1 • « • 

• •• • • 

• • • 
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17- If on dn inclihed plane> o£ Which the length ss a> aild height 
s:^ 6> B pieirt be taken equal to h, 6hd described in an equal time by a 
bodj i^hose deseent b^h fttm the top ; what is the distance of 
either e&ttemitj of this part from the terteic ? 

18. If a body begin to oscillate from the highest point of an 
inverted cycloid^ — shew that the time of describing any given arc of 
the cycloid> is measured by the arc of the generating circle inter- 
cepted between the ordinates 06 the aids^ draWh fi*om the extremities 
of the arc Compare also the time of its describing any arc of the 
cycknd meiumted froith th^ sumniit> with the tiinis of descent doWn 
the chord. 

19- If a dock gain or lose t seconds in a given time ( = 7"'), 
then if the error be smalt, prove that the quantity by which the 

length (/) of the pendulum is to be corrected, will be — • 

20. How far t)eloW the e^irth's surface, or how fAr above it, must 
a pendulum, shortet than 39*2 inches by a tety small fraction (x), 
be taken lo vibrate seconds ? Earth*^ radius s r« 

21. If a body P he conhected by a pulley with a Weight tV on 
a plane inclined to the horizon at a given angle / ; — required the 
spade desdribed by the fdtce of gravity in t'\ and also the velocity it 
willaoquirei 

22. Prove that the elevation at which a projectile must be thrown 
from a plane of given indUrtatloh (/), in order that the range may 
be n times the space due to the velocity of prajection,--*is determined 
by the two values of £ in the expression 

sin.(/ + 2E) = sin./ + ~ . cos.^/. 

Compare the termft ^ flighty and the greatest heights, for the two 
ralueii ttf £ ihUs ftlund, where the plane is horusontal, and n = 1 ; 

and also where / = 30®, and w = - . (^3.— i). 

3 

2S. A body is projected from a given height with a given velocity. 
Required the locus of all the greatest heights, for every direction in 
which it may be thrown. 

B 2 



4 EXAMINATION PAFBR8 [TWil. 

24. A hollow paraboloid being plaoed with its vertex downwards, 
and terminated above bj an horizontal drcular plane perpendicular to 
the axis,— it is required to find bj construction a point in anj given 
diameter of the circle, such that a body let fall from it on the surface 
of the paraboloid, will, after one rebound, hit the vertex. 



TRINITY COLLEGE, I8I9. 

1. Dbtbrmine the quantity and direction of the compound force 
resulting from any number of given forces acting on a point. 

1st, When the forces are in the same plane. 

2nd, When they are in different planes. 

2. AB is an uniform lever, of given length and weight, moving 
freely about A, A string is fixed at B distended by a weight passing 
over a fixed pulley E, placed at the horizontal distance AE = AB, 
Determine the position in which the lever will rest. 

3. In a system of puUies, where each hangs by a separate string, 
and each string is fixed to the weight ; supposing the power and 
weight in motion, 

1st, Prove that velocity of P : velocity otWi: W : P. 

2nd, Compare the velocities with which the different puUies 
revolve round their axes. 

4. If a plane pass through the centre of gravity of a system of 
bodies, prove that the sum of all the products formed by multiplying 
each of the bodies into its perpendicular distance from the plane on 
one side, is equal to the sum similarly taken on the other side of the 
plane. 

5. Determine the proportion of the sides of a right-angled triangle, 
so that the time down the length may equid the time down the 
height + time of describing the base with the last acquired velocity 
continued uniform. 

6. Prove that if the same triangle be suspended by the centre 
of the inscribed circle, it will only rest when the shortest side is 
parallel to the horizon. 
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7- If two bodies balance each other on two inclined planes by 
means of a string passing over their intersection^ prove that when the 
bodies are put in motion their centre of gravity will neither ascend 
noir descend. 

8. Determine the sides of the strongest rectangular beam which 
can be cut out of a given cylindrical piece of wood. 

9. If a body be moved from rest through the space S, by the 
action of an uniform force during 2"', and acquire the velocity V; 

1. o ^'X V 
prove that S = — - — • 

10. Having established the preceding equation^ deduce the two 
following : 

M = QX F2x-^ 
M=QxFx ^ 



2wr 

Where M is the moving force^ and Q the quantity of matter. 

11. A body projected up an inclined plane where if = — 

describes 32 feet in 2". How far will it ascend before all its velocity 
is lost? 

12. A body, whose elasticity = |, descends from the height of 
10 feet, and rebounds till all its velocity is lost ; required the whole 
time of its motion, and the whole space passed over. 

IS. If in a common cycloid an ordinate be drawn from the point 
which bisects the axis, and from the extremity of that ordinate 
another line be drawn to the vertex ; prove that the cycloidal segment 
thus cut off = I of the square upon the axis. 

14. Given the force of gravity ; determine the time in which a 
body wiU vibrate in a cycloid whose axis s= A, 

15. A pendulum of unknown length is observed to vibrate 5Q 
times in a minute ; it is then shortened three inches, and is observed 
to vibrate 6I times in a minute. What is the length of a pendulum 
vibrating seconds in the same latitude } 



■1. 

9' 



A EXAMINATION l^AVftRS {THn. 

16. When a body vibrates in the complete arc of a cycloid : 

(1). Compare the tension of the string in every point of the 
curve arising from gravity, with the tension arising from centri- 
fugal force. 

(2). Detennipe the poipti where the apcd^w^tipg fprce down 
the curve = the tension of the stxi^g. 

17. If a body oscillate in the complete arc of a cycloid; prove 
th^t the time of its descent to ftpy point;, is measured by the arc of 
the circle upon the axis cut off by the ordinate to th^t point. 

1 8. Given the point of projection and the velocity, 

(1). Pctermine the difection, so that the baU may strike a 
given point in the under surfiace of a given horizontal plane 
above the point of projection. 

(2). Under the ^Hie circumst^moes, determine the direction 
so that the range may be' a maximum. 

19. If grape shot be dlsc|uu*ged from a cannon ; prove that at the 
end of any given tin^e they will bp found in the surface of a giyen 
sphere. 

SQ. A heavy heap AS Im o^e end i4) &(ed in the grpimd, 
and is supported by a prop CD of given length. If the angle A be 
given, determine the position of CD so that it may sustain the least 
possible pressure. 

TRINITY COLLEGE, 1820. 

1. What is the proportion between the power and the weight, 
in the system of puUies where each pulley hangs by a separate string ? 

2. A weight P upon an inclined plane is supported by a weight 
Q hanging freely, the string being parallel to the plane. Shew that 
if they be moved into any other position, the centre of gravity moves 
in an horizontal line. 

3. If P and Q, in the last question, be not in equilibrium, what 
will ho t)ie path pf the contre of gravity ? 

4. Explain and prove the 9econ4 h^v of motion. 

5. In the coUiaion ai elastic bodies, ^m rdative velocity after 
impact^ is to that before^ as the Impti&ct to poK&ot dasticity. 
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6. A given weight P, by mefx^s of a i^tring passing over a f\%ed 
pulley^ draws up a chain^ which was prt^yiously coiled upon an 
hdrizontiil plane directly below the pulley ; find the velocity acquired 
by P in deeoending through a given space. 

TRINITY COLLEGE, 182a 
Statics, 

1. Whj^h forces l^^ep ^^b other in equilibrium round a fixed 
pointy the sum of all their n^concnts is = ; those being reckoned 
negative which tend to turn the system in the opposite direction. 

2* Find the re^ult;<int^ of any number of forces in the s^me plane 
acting on a point* Apply thP fonTluh^ to the follpwing example : 

AB, AC, AD are three fines making angles of 120^ with 
each other; the point A is acted on by pulling forces in ^5 
and AC which are as 3 and 4, and by a pushing force in DA 
which is as 5. Find the force which will keep it at rest. 

3. A string fastened at A and passing over a fixed pulley B, has 
a known weight W hung by a knot at C ; find what weight must 
be ai^nded at B, tha( CB may be horizontal 

4. A weight Q hanging freely, supports an equal weight P upon 
an inclined plane, by means of a string passing over a pulley below 
the pl^e : find the po^tpn of equiUhijpiuQi. 

5. When a body is sust^iiped upon a ci^rv^ whose co-ordinates 
are x and y, by any forces whose components in those directions are 
X and F, «b0w diat l^dx 4- Yij^ »^ 0. Apply the formula to find 
the position pf equilibriun^ when a wpight Q hanging freely, supports 
a weight P upon a parabola whqse axis is horizontal, by means of a 
string passing over the focus. 

6. Find the centre of gravity of any number of points in the 
same plane. 

7. The sum of the squares of the distances of three equal bodies 
Irogi ^f^ pther^ is three tinges the sum of ^he squares pf their dis- 
t^tnpe^ f^m their connnpn centre of gravity. 

S. {^:nvQ thp di^qpenti^l esi^pfession for ^he centre of gravity of 
any 9oUd of revolution ; and find the c^tre of gravity pf a hpmi<yhere> 
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9. ABCD is a quadrilateral figure of which the two shorter sides 
AB, EC are equals as also the two longer AD, DC; and the an^ 
ABC is a right angle : what is the greatest length of the side AD 
that the figure may stand on the hase AB cfo. kcl horizontal plane 
without oversetting ? 

10. Given a bent lever with arms of uniform thickness^ moveable 
in a vertical plane about the angular point : find the position in which 
it wiU rest. 

11. A given beam considered as a line is supported on two given 
inclined planes : find the position of equilibrium. 

12. Given the pressure upon one of the four legs of a rectangular 
table of known weight ; find the pressures of the other three. Shew 
that without this datum the problem is indeterminate. 

13. ABC is a right-angled isosceles triangle^ and three equal 
forces act in the lines AB, EC, CA. At what point of the plane 
ABC, produced if necessary^ must a force be applied to keep it at 
rest, and what must be its magnitude and direction ? 

14. A beam BC hangs by a string AB from a fixed point A^ 
with its lower extremity C upon an horizontal plane : find the position 
in which it will rest. Also find the horizontal force which must be 
applied at C to retain it in a given position. 

15. A false balance has one of its arms exceeding the other by 
— of the shorter. It is used, the weight being put as often in one 
scale as the other* What is the shopkeeper's gain or loss per cent, ? 

16. In an arch which is in equilibrium, the weights of the 
voussoirs are as the differences of the tangents of the angles which 
their joints make with the vertical 

Dynamics. 

1. A BOW is drawn by a force of 50 lbs. ; the weight of the arroW 
being -^ lb., compare the force of gravity with the initial accelerating 
force which the string exerts upon the arrow, when it is let go ; 
neglecting the inertia of the bow. 
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2. If a, by be the velocities of two bodies A, B before their direct 
impact ; Uy v the velocities after^ » and the velocities gained and 
lost respectively^ and e the fraction which measures the elasticity ; 

Aa^ + Bb^ = Au^ + Bt'2 + LZ-£(^«2 4. Bff^) 

3. il and B are two given points in the diameter of a circle : find 
in what direction a perfectly elastic body must be projected from A, 
80 that after reflection at the circle it may strike B, 

4. Prove that if a body be accelerated by a constant force 

v^ssft and $ = iff^' 

5. Find the velocity and direction with which a body must be 
projected from a given point that it may hit two other given points 
in the same vertical plane. 

6. AB is the vertical diameter of a circle : a perfectly dastic body 
descends down the chord AC ; and being reflected by the plane BC, 
describes its path as a projectile. Shew that this path strikes the 
circle at the opposite extremity of the diameter CD. 

7* Find the equation to the cycloid; and shew that in the same 
cycloid the oscillations are isochronous. 



TRINITY COLLEGE, 1821. 

1. If forces proportional to the sides of a quadrilateral figure, be 
applied perpendicularly at their middle points, they will keep one 
another in equilibrium. 

2. The moment of the resultant of any forces is the sum of the 
moments of the components. 

3. At what point of a vertical pillar must a rope of given length 
be fixed, so that a man pulling at the other end may exert the 
greatest force in upsetting it ? 

4. If APy BQ represent two forces acting on the equal arms 
AC, CB of a lever whose fulcrum is C, also if -4JP, BQ make given 
ang^ with the horizon, and Pp, Qq be perpendicular to ACB, 
shew that there will be an equilibrium when Ap + Bq is a 
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5. A given weight W is supported by » strings passing ever 
puUieSj placed at the angles of a regular polygon:, whose plane is 
horiapnt^d, each string being fast^pned to an equal weight P: find th^ 
position in which W wijl rest. 

6. One sphere is supported by three others which touch, find the 
pressures on each ; ajso the horizontal pressures necessary to prevent 
tbeni from sliding. 

7. A given weights suspended by a spring of given lengthj ii 
drawn horii^pntally by a given force, find the position into whicl^ it 
will be drawn. 

8. Investigate the expression for the centre of gravity of an area, 
and apply it to the quadrant of an ellipse. 

9. The sum of the squares of the distances of the centre of gr^vitj^ 
of any number of equal bodies from the centre of gravity of each, 
is equal to the sum of the squares of the distances of the centres of 
gravity of these bodies, taken two and two, divided by the number 
of bodies. 

10. If any system of bodies, acted on by gravity alone, be in 
equilibrium, its centre ef gravity is either the highest ox lowest 
possible. 

11. AC and BD are two uniform beams, moveable in a vertical 
plane about the fixed points 4 ai^d B, also 4C is equal \x) AB ; re- 
quired the position in which the beams will support each other. 

IS. Find the equation betwe^^ P ^^ W, when |h^ weights of 
the puU^ys a^ equals and ea^h hapgs by a sepc^rate string. 

1 3. If two hemispheres rest, with the convex surface of one placed 
on that of the other^ shew that the equilibrium will be stablej or 
unstable, according as the radius of the ujif^ one is leps, or gf eal^ 

than three-fifths qf the radius pf th^ under. 

14 4 9Pd B 94:e two equal balls ^t rest j v^qui^ their pgsiticj^j 
so that if a perfectly elastic ball C, im{4^ge upon ^heiQ in a diiP^p^jofi 
perpendicular to, and bisecting the line joining their centres, ^e rela- 
tive velocities of A and B after impact inay be the greatest possiUet 

15. Praw geomettMialltf the line of qinp]^est despent firom the 
focus of a parabola tp the curre^ the axis being vertical, and the 
vertex uppermost. 
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16. The space in any time is equal to the space described with 
the velocity of projection^ plus, or minus the space described from 
rest by the action of the fbrc^, according as the body is projected in 
the direction of the force, or contrary to it. 

17- Two balla A and B, of which B is perfectly elastic, are let 
&11 at the same instant Ax)m two given points in the same vertic^ 
line : find the pcdnt where B, after rebounding from the horizontal 
pbn^ will me^t 4. 

18. A chain of given length has part on ft table, ftnd part hanging 
over it ; find the time in which it wiU fall off the table. 

10, If ai spir^ tnh^ wind ro^nd the surface of a paraboloid, 
lym^ing on aii hpriJiontf*^ plan^ and mal^e a giv^n angle with the 
gOAenHiqg piH:fibpla, find Ihe su^celerating force on {i body deiK^nding 
in itn^ Inbe j 9^d prpye ths^t if it descends frppi a point very near the 
yertex, it will make its successive revolutions in equal times. 

^ Find Aa equation to the ciiryc 4^cribed by the centre of 
gravity of two bpdies^ projected wi^h given velocities, and in given 
direptipn« in the same vertical plane. 

21. If r be the range, and t the time of flight of an inelastic ball 
on an l^iri^nt^ pl^e, then if the same ball had an elasticity e, 

T t , 

;- would be the whole space described by it, and 7 ? its whole 

tinie of potion. 

22. A pendulum which vibrates seconds at Greenwich, taken to 
am4her plapeon the eart}i's surface, loses n seconds a day ; compare 
(h0 fip4X^ pf gi*ftvity at the two places. 

^ 119. The time qf descent 4own any arc of a cyploidi froni the 
highest point, is less than the time down the chord* 

M. If ii be the lowest point of a circular are AB, ^nd if AI 

AB 

be taken equal to , and the chord y^O be taken to the chord 

2 

41 ; : %/2 J 1, prove that the time down BO is equal to the tjme 
daw« the renu^ining arc 04' 
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TRINITY COLLEGE, 1822. 

1. If any two forces, acting at a point, be represented in magni. 
tude and direction by the sides of a parallelogram, the resultant is 
represented in magnitude and direction by its diagonal. 

2. Prove, that, if several forces keep each other in equilibrium 
round a point, each is equal and opposite to the resultant of all the 
others. 

3. If (X, 0, y and a, 0y y' be the inclinations of two lines to 
three rectangular axes drawn through their point of intersection ; and 
a force F act along one of the lines : prove that its value estimated 
along the other is F. (co8.« . cos.a' + cos.0 • co6./3' + cos.y . cos.7'). 

4. The resultant of two parallel forces is parallel to them, equal 
to their sum, and its direction divides the line which joins their 
points of application in the inverse ratio of the forces. Construct 
for the resultant when th^ forces do not act towards the same 
parts. 

5. Two weights are suspended from knots in a string the ends 
of which are fastened to two fixed points : given one of the weights, 
and the lengths of the suspending strings between the knots and the 
points where the other string produced would meet them.— Find the 
other weight. 

6. Determine the distances of the centres of gravity of a right 
cone, and of a spherical surface from the vertex of each ; and hence 
deduce the distance of the centre of gravity of a spherical sector from 
the centre of the sphere. 

7. A given heavy spherical bowl is loaded at a certain point of its 
edge with a given weight : find the position in which it will rest on 
an horizontal plane. 

d. A right cone of given dimensions and weight stands on its 
vertex with its axis at a given inclination to the horizon : find the 
magnitude and direction of the least force, acting at the centre of its 
1)ase> which will keep it in that position. 
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9. Find the ratio of the power to the resistance in the wheel and 
axle^ without supposing them to act in the same plane. 

10. Find^ generally^ the ratio of the power to the resistance in the 
toothed wheel ; and also^ when the teeth are small : and prove the 
principle of virtual velocities on the latter supposition in this mecha« 
nical power. 

11. In an arch which is in equilihrium> the weights of the 
voossoirs are as the differences of the tangents of the angles which 
their joints make with the vertical. 

12. A hall of given elasticity falls from a given height upon 
a hard plane : determine the whole time hefore the cessation of the 
motion. 

13. The straight line of quickest descent from a point within a 
circle to its circumference passes through its highest pointy and that 
frmn a point without the circle to its circumference passes through its 
lowest point. 

14. A ball having descended to the lowest point of a circle through 
an arc whose chord is C drives an equal ball up an arc whose chord is 
c : shew that the common elasticity (e) of the two balls may be found 
from this proportion 1 : e : : C : 2c — C. 

15. A body is projected in a given direction^ and with a given 
velocity; and is acted on by the constant force of gravity in parallel 
lines : find the equation to its path ; shew that it is a parabola, and 
construct it. 

16. Assuming that the brachystochronic curve between two points 
is an arc of an inverted semicydoid; with its base horizontal and the 
extremity of its base at the higher point : shew how this cycloid may 
be constructed. 

17. Find at what point in the direction of its axis a straight rod 
of small thickness must be suspended that its oscillation may occupy a 
^ven time, and find the lowest limit of that time. 

18. If the force to a centre is -7 where D is the distance, A is a 

A 

given line, and the force of gravity is the unit of force : prove that 
a cydoidal pendulum, whose length is A, will oscillate in any time, 
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thlt)ugh the 8aiii6 §pMe as a body dr^Wtt b]r tlfttt foree fraku ihe dis- 
tance D would move ordr iii that tiitie. 

ig. A heavy ring R hanging on a thread fhstened at A and B, 
oscillates through a viery small arc in the vertical plane of A and B : 
fhid the tfane of an ott^lation^ neglecting the magnitude df the rtngi 
and the inertia of the string. 

20. The uniform triangukir plate ABC Whose Weight is known^ 
is supported by three known weights a> 6| Ct connected with the 
angular points^ A, B, Q by strings paknng through a fixed ring at 2)s 
find the lengths AD^ BD, CD ; and the angles which they make 
with the vertical. 

21. If a tennis ball in rapid motion strikes a vertical wall at a 
very acute angle^ it will describe a curve in the air, so as to return 
to the wall after having rebounded from it: explain this pheno- 
menon. 

22. A given moving force will communicate the same velocity to 
the centre of gravity, to whatever body in a system it is applied. 

TRINITY COLliEGB, 182S. 

• 

1. Two Momenta, which when communicated separately, would 
cause a body to describe the adjacent sides of a parallelogram, will, 
when communicated together, cause it to describe the diagonal, with 
an uniform motion. 

2. If the angle at which two given forces act is increased, their 
joint effect is diminished. 

Sk Two weights will balance each other on an horizontal lever, 
when they are inversely as their distances from the fulcrum. 

4. There are two wheels, whose diameters are 5ft. and 4ft. on 
the same axle, the diameter of which is 20 inches. What weight 
on the axle would be sustained by forces equal to 48 lbs. and 50 lbs. on 
the larger and smaller wheels respectively ? 

5. Find the relation between P and W, when they sustain each 
other by a system of pullies, with the same string round all the pul- 
lies : on the principle, that if the state of rest be disturbed, P and tV 
will be inversely as their incipient velocities. 
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8» If two wd^ts sttstdn each other on two inclined planes^ b)r a 
string which passes over a pulley at their common vettex> R) aft to be 
parallel to the planes rospectivelj ; then shall the weights be inversely 
as the lengths of the planes. 

7* Explain the contrivance called a Lewis^ for raising heavy 
stones. 

8« Three fc^roes cannot sustain each other on a wedgei unless their 
directions pass through the same point. 

ft The biechanical advaiitage of the sorew^ is independent of the 
radius of the screw. 

lOi The distance of the (knnmon centre of gravity of ahy num- 
ber of particles from a given plane, remains the same, however the 
particles are moved about in planes parallel to, the given planCk 

11. With what velocity must a ball impinge on another equal 
ball moving with a given velocity Vy that its velocity may be destroyed 

by Ute impact ; the common elasticity of the balls being - th of per-i 
feet elasticity ? 

12. Having given the diameters of two balls moving in the same 
plane, and the velocities and directions of their motion, find the places 
of their centres when they come into contact. 

13. If a space be described with a velocity uniformly accelerated 
from rest, it will be the half of the space which would have been 
described in the same time, had the velocity been uniform and equal 
to that at the end of the time. 

14. The time of an oscillation in a cycloidal arc is constant, what- 
ever be the portion ot* the whole cycloid : prove thk, and find the 
actual time of an oscillation. 

15. Tlie path of a projectile near the surface of the earth is a 
parabola nearly. 

TRINITY COLLEGE, 1823. 

1. EXPABfis the resultant of two given forces in terms of the 
components, and of the angle at which they act. 
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2. Enumerate the different principles on which the preceding 
question has heen resolved. 

3. Forces^ represented hy straight lines drawn from the angular 
points of a triangle to its centre of gravity^ will he in equilihrium. 

4. The effects of forces^ when estimated in given directions^ are 
not altered hy compodtion or resolution. 

5. There is no tension sufficient to keep a heavy cord stretched in 
any line that is not verdcaL 

6. A ladder rests against a wall ; find its pressure against the wall 
and on the ground respectively. 

7. Define the centre of gravity^ and prove that every hody has a 
centre of gravity. 

8. If two weights support each other upon any machine^ and it he 
put in motion, the centre of gravity of the weights will« at firsts 
neither ascend nor descend. 

9. What is the least slope down which a regular hexagonal piism 
could roll ? 

10. A weight slides on a thread fastened to the extremities of 
equal arms of a lever of uniform density: shew that the lever 
will not rest except in a vertical or an horizontal position ; and 
that, if it he put in motion, it will ultimately rest in a vertical 
position. 

11. Deduce the differential expression for the centre of gravity of 
a solid of revolution ; and apply it to find the centre of gravity of 
a cone. 

12. An endless cord, passing through rings at given points A, B, 
on the same level, has equal weights attached to rings at C and D, and 
a ring at E, equally distant from A and B, supported hy a force equal 
to half of either of those weights : find the angles of the figure 
which the thread will assume ; and the length of the thread, that its 
tension may he to the supporting force, in the suhduplicate ratio of 5 
to 4. 

13. Apply a given force perpendicularly to a straight lever, so as 
to keep it at rest, when it is acted on perpendicularly at given points, 
by two given forces not in the same plane. 
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14u If a piece of timber 17 feet long, be rested on a prop placed 
4 feet from one end, it is found that an hundred weight at that end 
would be balanced by 12 pounds at the other ; and that, if the places 
of the weights are exchanged, the prop must be 8 feet from the pther 
end. Find the weight of the timber, and the place of the prop on 
which the timber would balance without the weights. 

15. Find the equation of equilibrium on the inclined plane, when 
friction, proportional to the pressure, is taken into the account. 

16. The relative velocity after the direct impact of perfectly 
elastic bodies is the same as before the impact. 

•17. Find the direction in which a perfectly elastic billiard-ball 
tnust be struck, that, moving from a given point on a five-sided bil- 
liard-table, it may, after impinging on the first, third., fifth, second, 
and fourth sides in order, be reflected to a given point. 

18. If two bodies begin to fall at the same time from the common 
vertei^ of two inclined planes, the line joining them will move parallel 
to itself. 

19- Required the plane of speediest descent from one given sphere 
to another. 

20. The weight A after descending freely through a feet, begins 
to draw up another greater weight f by a string passing over a 
pulley : find the extreme height to which B could rise, and the time 
of rising. 

21. A body is projected from the summit of a mountain of SO** 
elevation, so as just to strike at the bottom, and with double the 
velocity of projection, which is what would have been acquired in 
falling down 400 yards of vertical height. Find the height of the 
mountain, and the greatest height attained by the projectile. 

22* Required the length of an inclined plane, the height of which 
is one half of its base, that a body projected directly up the plane 
with a given velocity may be as long after leaving the plane, before 
it again meets the horizon, as it was in ascending the plane : also 
find the range and the time of flight. 

23. Explain the method of applying a pendulum, so as to regu- 
late the motion of a clock, and the method of producing the requisite 
angular velocity in the hands. 

[Supp. P. II.] c 
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£#« Dcftemane tlie nation of a giveit heavy particle^ prqieeted 
aiong ft tod Wlndi is Mitqported on ft fakmm at its middle point, and 
is of ft gitett nmkrrm dentiijr ; tlie motioii hegimmg from Uie middle 
pdiftt, fmd the first pbsdtioii of the lod heiog hetijrantid, 



TftlNlTY COLtEGB, 1M4- 

1. Ir t1i» ^ifttntlties «ild directiotHi of two forces acting upon a 
point be represented by two adjacent sides of a ponJlelognnB; its 
fisgoiml WiU r^esent the quantity and direction of their resultant 

S. Three weights A, B And C ate suspended from given points of 
a straight lever : where must the fulcrum be placed^ in order that the 
lever may be at rest t 

S, What is meattt by the principle of virtual velocities ? Shew 
its application itl the case of equilibrium upon an inclined plane* 

4. Find the distance of the centre of gravity of any number of 
given bodies from a given plane^ the distance of the centre of gravity 
of each body from the plane being given. 

5. What are tlie laws of motion ? Can they be considered as 
entirely founded upon observation and experiment. 

6. P (3) draws up Q(5) by means of a string passing over a 
fixed pulley : find the force accelerating P's descent, and the space 
described in t "(1^) • ^^^ weight of the string, and the inertia of the 
pulley being neglected^ 

7. Find the time of oscillation in a cycloid. 

$. If the length of the seconds pendulum be 39*1386 inches, 
what must be the length of a pendulum which loses 10" in 24 hours, 

the force of gravity being diminished by -rtr^ th part of the whole ? 

9* Find the range and time of flight of a projectile upon an 
inclined plane passing through the point of projection. 

Id. In the impact of bodies, whether elastic or not, the velocity 
of the centre of gravity is the same before and aflef impact. 



TRINITY COLLEGE, lto& 

1. How are forces compared and measured ? 

2. Find a single force equivalent to two given forces acting at 
the same point in given directions. 

3f ExHbit the algebraical value of the compound force, and show 
in what cases it is equal to the sum or difference of the given forces. . 

4. In what case can forces acting at different points he oom« 
pounded, and how ? 

5. How may two blocks he formed so as to answer the purpose of 
several puUies in the system where the same string passes round 
ftU? 

6. What is the principle of virtual velocities? Prove that it 
obtains in the case of the double inclined plane. 

7. Demonstrate that, when weights balancing each other in all 
positions on a machine are set in motion, the common centre of 
gravity remains in the same horizontal plane. 

8. Explain the graduation of the Danish steelyard, in which the 
places of the weights are invariable and the Mcrum is moveable, 

9. What is rackwork ? Explain the construction and mechanical 
advantage of the jack, used by masons to lift up large stones. 

10. How is the equilibrium of forces acting in different directions 
on a rigid body stated algebraically ? 

11. Distinguish between stable and unstable equilibrium. What 
must be the height of a parabolic conoid resting on its vertex in an 
equilibrium of indifference } 

12. Find the centre of gravity of a wedge, of which the sides are 
oat into the form of a parabolai the flat surfaces being exactly similar 
and equaL 

13. Find the equation to the catenary measuring the co-ordinates 
from the lowest point. Show that it nearly coinddea with a parabola^ 
about the vertex. 

14. Prove the equations of motion : 
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15. Under wliat conditions may one perfectly elastic ball be made 
to strike another^ so that each shall move^ after the impact^ in a given 
direction ? 

16. How is the velocity^ communicated from one mass to another, 
increased by interposing others between them ? What is the utmost 
extent of the advantage to be obtained in this manner ? 

17* When any number of bodies not urged by igiy forces are set 
in motion, dieir common centxe of gravity moves uniformly in a 
straight line. 

18. Describe the motion of a ball projected up an inclined plane' 
with such a velocity as to fly over the top of it. Show that " fhe 
parabola which it describes has the same directrix ais that in which it 
would have moved had the inclined plane not existed. 

19* Find the time of oscillation of a pendulum, and show how it 
may be made to oscillate isochronously. 

20. How is the intensity of the force of gravity estimated by 
observations on a pendulum ? 

21. Find the correction to be applied to a pendulum which 
vibrates seconds nearly, but not exactly. How is this correction 
applied by means of a screw ? 

22. Find the equations to the motion of a point on a curved sur-. 
face, and apply them to the case of a hollow parabolic conoid, with 
it axis vertical. Show that when the path becomes a plane circle, 
the angular velocity is the same in all cases for the same surface. 

23. >\Tiat is D'Alembert's principle ? Apply it to determine the 
motions of two weights connected by a string hanging over a pulley. 

24. Explain the construction of Att wood's Machine, and describe 
the experiments made with it to illustrate the principles of Mechanics. 



TRINITY COLLEGE. May 1831. 

1. If two weights, acting perpendicularly upon a lever, on oppo- 
site sides of the fulcrum, have their distances from the fulcrum 
inversely as the weights, they will balance each other. 
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2. Shew that, cceteris paribus, the larger a carriage- wheel is, the 
less is the force requisite to draw the carriage orer a given ohstade. 

3- When three forces acting on a point are in equilibrium, each 
varies as the sine of the angle contained by the directions of the other 
two. 

4. Required the proportion of P to W in the single moveable 
pulley, the strings not being parallel. 

5. Find the proportion of P to W, when there is equilibrium on 
the inclined plane, P acting in a direction making any angle with 
the plane ; and shew that this proportion is the same as that of W*s 
velocity in the direction of its action, to P's velocity in the direction 
of its action, supposing a small motion to be given to the weights. 

6. Find the centre of gravity of a pyramid whose base is a 
triangle, and thence derive that of a cone. 

7. State the three laws of motion. What are the quantities to 
which in mathematical language the terms velocity, momentum, acce- 
lerative force, and moving force are applied } 

8. Explain the nature of impact, and the manner in which time 
must be considered in estimating its effect. Illustrate your expla« 
nation by examples. 

. 9« The space described by a body uniformly accelerated from 
rest, is half the space described in the same time with the last 
acquired velocity. 

10. Obtain the equation to the path of a projectile, and the velo* 
city at any point. 

11. Find the time of a small oscillation in a circular arc. 

12. Give satisfactory reasons for concluding that gravity at the 
Earth's surface is a constant force, and that it acts on all bodies 
alike. 



TRINITY COLLEGE, May 1831. 

1. Find the magnitude and the direction of the resultant of two 
given forces acting in given directions on a point. 

2. A given weight J^ is to be supported by a horizontal rod of 
given length I, on two vertical props^ one of which can sustain no 
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more than P, tod tlie otlietf lib xAatt tbati Q ; te^ulfed the point of 
the rod from which W miist be suspended^ that the props ntay stip* 
port less dian the greatest they can support^ by thd same quantity. 

3. Find the proportion of the power to the weigbt when there is 
equilibrium on the screw. 

4. If a heavy homogeneous triangle be held in any position by 
three vertical strings attached to its angles^ the strings sustain equal 
portions of it. 

^. In the common balance^ the weights being unequal^ find the 
position in which it will rest. Hence determine the stability and 
sensibility of the balance. 

6. A fi^ble chain of given weight is wrapped exactly found a 
given circle^ the plane of which is vertical^ and is supported On the 
curcle : required the tensions at the highest and lowest points. 

7* A ladder of given weight And dimensions YlAts in a glvtn 
position against a vertical wall^ and is prevented sliding by friction I 
having given the ratios of friction to pressure on the horizontal plane 
and on the wall, find how high a man of given weight may ascend 
the ladder before it begins to slide. 

6. Any number of beams arranged as ^des of a polygon^ in a ver. 
deal plane, support each oth^^ and support also given weights at 
the angles : it is required to find the horizontal pressure at the points 
of supports 

9. If a couple of equal and opposite forces act in a rigid plafii!^ 
shew that equilibrium may be produded in an unlimited xiiimbdif of 
wtfys by introducing another couple : and assuming arbitrarily a line 
in which one of the fi)rces of the additional couple shall act^ detera 
mine the line in which the other must act. 

lOi Describe the construction of a dome : shew that no dome can 
remain at rest by its own weighty when suf^rted on a horizontal 
plane ; and that the weights of the consecutive rings of voussoirs may 
itic^eade itt any proportion greater ihan that of th<l di^rende of the 
tangents of the angle! Which the jMntS make With the vertical. 

11. State the principle of ttitual velocities ; end pirove by means 
bf it th^ ff it tiniftttm rt)d vasts on two straight Uties tlve tquatioAs of 
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wUdi am y^nXj ^t^^^^t^ tlie /« tieing tettioci^ tbe tangent of the 
angle it makes with the horizon = - ( > ) 

12* Find the centra of gtavity of the firastum of a l^rahdloicl* 
having given ths iengdi <; i^ itii aads^ and the radii ^^ 6> of i^ larger 

and smaller ends. 

13. A solid b generated by a valiaiile rftdcmgle moving pwnllel 
to it8^ dong an axii ptfipi^idic^dar to its j^ane through its ceiUro; 
one dde of the rectangle vafies im the diitanoe frdfti a £x^ j^oint in 
the axis^ half the other is the sine of a olxNiiM: arc <lf whidii this 
distance is the versed sine : shew that the distance of the centre of 
gravity of the whole solid from the fixed point, is equal to four-fifths 
of the length of its axis. 

14. A flexible chain of given weight and length hangs vertically ; 
required the horizontal deviation from the vertical line of suspension 
which its lov^t point ihay be made to undergo by means of a given 
force, applied horizontally. 

15k Assuming that for a constant force jf sa p «hew that for a 

variable force / as --. 

*^ at 

16. Two bodies whote t^otnmon elasticity i^ <^> nidving with gtven 
veldd[tiei», im j^ge directly im each other ; it is t«quued to determine 
their vekcittes after impact* 

17. Find the accelerative fofoe wh^n a body P diMks^ditig dt)wn 
a given inclined plane, draws another Q along a horizontal tabte by a 
string acting parallel to the plane of the table. 

is* A body descends down a «hdrd of a titde, th« ]^n« of whitsh 
is vertical, and the diameter of which is D, in the time during whitA, 
falling vertically, it would describe q ; ahew that if A be the abddissa 
of the point from which it sets out, reckoned from the highest point 
of the ch*cle, the abscissa of the point to which it comes is 

I9. If a body descend down any arc by the action of gravity, the 
velocity acquired at any point, wiU be the same as if the body had 
descended down the same vertical space freely. 
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SO. Obtain in parts of a second the difference of the times of 
descent down half the cycloid in which a body would oscillate in 1", 
and down its chord. 

21. Required the time of descending down an inverted cycloid, 
from the extremity of its base, to a straight line which cuts the cycloid 
at right angles, and the base at an angle of 60°. 

22. Mention several methods in which the problem of the com- 
position of two forces acting on a point has been solved, and shew that 
they all depend only on physical principles, which have become known 
by observation or experiment. 



TRINITY COLLEGE, June 1832. 

1. If two weights acting perpendicularly on a lever, on opposite 
sides of the fulcrum, have their distances from the fulcrum inversely 
as the weights, they will balance each other. 

2. If any two forces act at the same point, the force which is 
equivalent to the two is expressed in magnitude by the diagonal of the 
parallelogram whose sides represent the forces. 

5. Two parallel forces act at given points, in a straight line, and 
in opposite directions, find the magnitude and point of application of 
the resultant. Explain the result when the forces are equal. 

4. In the isosceles wedge find the proportion of the power to the 
resistance. 

5. In the system of puUies, where each pully hangs by a separate 
string, the power's velocity is to the weight's velocity, as the weight 
to the power. 

6. Find the centre of gravity of any number of bodies considered 
as points in a plane. 

7. Explain what is meant by stable equilibrium, and when a body 
whose lower surface is spherical rests upon a sphere, find the condition 
of stability. 

8. When a body is supported on a vertical curve, find the conditions 
of equSIbrium. 
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9. State somfe of tlie experiments wliich sbew that at the same 
place^ and near the earth's surface^ gravity is a constant accelerating 
force, and acts equally on all bodies. 

10. Explain the terms velocity, moving force, accelerating force, 
and momentum. . . 

1 1 . When the force is constant the space describedin a time / = ^jl^» 

12. Two equally elastic bodies impinge directly upon each other 
with given velocities, determine their motions after impact, and shew 
that the motion of their centre of gravity remains unaffected. 

13. Find the path of a heavy body projected from a given point, 
in a given direction, and with a given velocity ; and find also the ve« 
locity at any point in its course* 

14. The time of descent down the arc of an inverted cycloid is 
independent of the length of the arc. 

TRINITY COLLEGE, June 1832. 

1 . In the bent lever, the power's velocity is to the weight's velocity 
as the weight to the power. 

2. The weights of the voussoirs are as the tangents of the angles 
which their joints make with the vertical. 

3. Find the resultant of any number of forces acting in space, and 
the equations to the line of its direction. 

4. Obtain the equation to the catenary when the chain is acted on 
by any forces, and thence deduce the equation to the common cate- 
nary. 

5. Determine the equation of the state bordering upon motion in 
the inclined plane^ 

6. State the principle of virtual velocities, and apply it to obtain 
the conditions of equilibrium of a rigid system acted upon by any 
number of given forces. 

7. Write down and explain the equations which express the con- 
ditions necessary and sufficient for equilibrium, 

(1). When the system is free, 

(2). When the system has a fixed point, 

(3). When the system \m a fixed axis. 
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8. When a weight is raised by means of a crank, find the vekidty 
mt any pdnt in its circuliur ascent 

ds 

9. When the force is variable^ prove strictly that t; ft= 7— 

10. A quadrant of a circle revolves round the tangent to the 
middle point of its arc, required the volume of the solid described. 

11. Find the centre of gravity of a spherical sector^ in whidi the 
density of each particle varies as its distance from the centre. 

liB. Equal forces act at every point in the surface of a given aphe- 
jjcal sector^ and their directions pass through the centre, find the mag- 
nitude and direction of the resultant* 

IS* If y be the coefficient of Mclion, what must be the vertical 
angle of an isosceles triangle^ that when placed upon an inclined plane 
which is gradually elevated, the triangle may begin to slide at the 
same moment that it also beghii to roll over its lowest angular 
point? 

14. Two given beams press against each other upon the ground 
plane, and rest upon two given curves wliose axes are horizontal 
and coincident, and their vertices at a given distance from each 
other, find the equations necessary to determine the positions of 
equilibrium. 

I5k An uniform chain of given length is placed in a given 
position on the circumference of a given vertical circle, and is just 
kept from sliding by a tangential force ajiplied at its highest extte« 
mity, compare this force with the pressure sustained by the circum- 
ftrenoe* 

16. Find the number of seconds lost in a day when a seconds 
pendulum is carried to the top of a mountain two miles high. 

17. In a circle two chords are drawn from the extremity of 
the horizontal radius subtending arcs 6 and 26. If the time dowtl 
the chord of 2* =ss 7i times that down the chord of t, then will 

1 



9 =s COS.-1 



fi«— 1 



18. If twotx)4ies be projected from tte same .pointy with equal 
velocities and in such directions, that they both arrive at the same 



pdiit cm It plane whose inclitifiitioti to the hotii^on is fi, and if t, i^, be 
ilift times of flight and a the ftngle of pxtrjection of the first, 

then will ^' = < . -7—, —• 

sin*(« ^ ff) 

19- A horixontdl heavy radius of a circle moveable about the 
centre is drawn tip into a Vertical position by means of a given weight 
tospended from a line attached to its extremity^ and passing over a 
fixed pully at the extremity of the vertical radius, find the velocity at 
the end of the motion. 

20. tn a cycloid if i be the time of descent from the point whose 
abscissa is the radius of the generating circle to any other pointy and 
if r be the time down the chord joining the corresponding points in 
ihe generating circle, then will 

2 tan." 1 cv = tan."i (>/^ tatt.rf). 



where c 



St. JOHN'S COLLEGE, I8I6. 

1. Est^LAm how the Velocity of a body may be expressed nume« 
rically ; and shew that when bodies have different uniform moticms, 
the spaces described are proportional to the times and velocities 
jointly. 

d. Prove the principle of the composition and resolution of forces* 

3. When two equal weights balance each other on a straight lever, 
the pressure on the fulcrum Is equal to their sum. A pfOof is re* 
qnited. 

4. A power P draws up a weight W^ by a wheel whose breadth is 
just Sufficient to admit one coil of a rope, the thickness of which 
IS Sr, so that the rope peifpetually coils on itself. Ne^ecting the 
excess of Weight of one rope ott the side of the wheel over that dn 
the other, find where W has acquired the greatest velocity. 

5. If a weight be sustcdned on an inclined plane and madS to 
describe a small space, shew that the velocity of the poWeT is to that 
of the weight : ; the weight i the po wef . 
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6. From what point most a thin wire in the form of a cydrnd be 
suspended, so that when loaded at each end with half its own weight 
it shall rest with its base perpendicular to the horizon ? 

7. Elasticity being perfect, and A, B, C being the weights of 
three balls in the order of their magnitudes, A strikes B at rest with 
a given velocity and drives it against C ; the distance between B and 
C being given, and the velocity of A, find where A will overtake B 
again. 

8. Find a point in the circumference of a vertical circle to which 
a body may fall down an inclined plane from the centre in the ^ame 
time that another would fall down the diameter. 

9* Prove from a property of the sphere, that the time down any 
chord of a circle whose plane is inclined to the horizon, is equal to 
the time down the diameter. 

10. A thin conical stick being laid in a polished hemisphere^ 
find where it will rest in equilibrium (both ends resting on the sur- 
face) and when made to slide, what curve will its centre of gravity 
describe ? 

11. In what position of a ladder does a man raising it sustain the 
least weight? 

.12. A body falls from a tower 200 feet high. Find the time of 
falling through a part whose length is two.thirds of its height, and 
which is so situated that jits extremities are equi-distant, respectively 
from the top and bottom of the tower. 

13. Three unequal poles connected at their upper ends and resting 
their lower on the ground in a triangle, support a weight. Compare 
the pressures on them in the direction of their length. 

14. The time of an oscillation in a cycloid : time down its axis ; I 
circumference of a circle : diameter. 

15. A straight lever carries at one extremity a given weight, and 
to the other is attached a chain, which reaches to the ground, and. lies 
with part of its length loosely coiled up. Find in what position the 
lever will rest. 

16. The distance of the centre of gravity of a pyramidal surface 
from any one of the planes of which it consists, is one-third of the 
distance of the opposite vertex trox^ Xhm plane. 
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17- Explain tlie mefchod by wUch the probability of bitting a 
given mark by a shot fired at random may be determined^ the velocity 
of projection being given ; and sbew^ that when the mark is a hori* 
contal straight line directed to the point of projection^ having its 
farther extremity at a distance equal to the greatest horizontal range, 
and its length equal to half that range^ the odds against hitting it 
are 2 to 1^ the shot being fired in its plane. 

18. A cubical solid rests in equilibrium between two inclined 
planes, containing an acute angle ; determine its position^ and com- 
pare the pressures on the supporting planes. Prove also^ that the 
ratio of these pressures is independent of the figure of the solid. 



St. JOHN'S COLLEGE, 1817* 

1. Explain, and exemplify the principle '* that action and re- 
action are equal and contrary." 

2. The effects of forces when estimated in given directions are 
not altered by composition or resolution. 

3. G is the common centre of gravity of any number of points 
A, B, C, &c., any how situated. Join GA, GB, GC, &c. ; then if 
forces, represented in quantity and direction by these lines act at 
once on G, they will keep it at rest. 

4« From a given point without a given circle, draw a plane to 
the circle, so that the time down it shall equal the time down a given 
plane. 

5. Two forces act in given directions on the arms of a bent lever, 
and keep each other in equilibrio. Find the pressure on the fulcrum. 

6. The centre of gravity of a triangular pyramid is the same with 
that of four equal bodies placed at its comers. 

7. From P to any number of fixed points A, B, C, &c., draw 
PA, PB, &C. so that PA^ + PB^ + PC^ + &c. = a constant 
quantity. Shew that P will always lie in a spherical surface, whose 
centre is the centre of gravity of the points A, B, C, &c. 

8. A is let fall from a given point, at the same time that B is 
projected from the same point along a horizontal plane. Find the 
path of the centre of gravity. 
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r. 9* PRQ if to inflexibb metallic lamina, in tlie fonn of a dr^iilar 
m, of a given weight ; P and Q are two weights, likewiM givcni 
fixed at its extremities. Determine the position in which it will ren 
on an horizontal plane ARB. Also, given P, find (2$ lo that the 
arc shall rest in a given position. 

^ 10, Elasticity is to perfect elasticity :: fn : 1. A striked B, at 
rest, and drives it round die circumference of a drde. Find where 
ihey will moet after ^x and 2ar -f 1 strokes, the spaee described, and 
tim« dapsed. Shew that after an infinite number of strokes, the 
velodty of A wQl be the same as if the bodies were perfectly elastic, 
and of*B, as if perfectly hard, and one impact only had taken place. 

11. In the last problem^ suppose elasticity perfect, and find the 
ratio of ^ : J?, so that they shall continue to meet altematdy 180^ 
and 360°, from their last point of concourse. 

* 12. Elastidty being perfect, if the number of mean proportionals 
interposed between two bodies A and X, be increased without limit \ 
determine the ratio of ii's velodty to the velodty thus communicated 
toX 

13. The times of descent down chords of a drde drawn ta the 
extremity of a vertical diameter are equal, 

14. A moves in the circumference of a cirde : B is placed without 
it. Find the path of their centre of gravity. 

15. A given weight P, draws up (by means of an extremdy thin 
string passing over a fixed pulley) a chain, of an indefinite length, 
loosely coiled up on an horizontal plane ; find P's velocity at any 
point, and also the point where P will begin to re-ascend. 

" 16. Between two parallel planes, perpendicular to the horizon, 
project a body fi^m a given point so as to return to the hand, after 
n reflections. 

17. "DBV is a semicydoid ; from what height AB must a body 
fall on the given point B, that it may be reflected into the vertex. 

18. On a smooth cycloidal lamina (vertex upwards) is laid i. 
chain, having its upper extremity upon the vertex. Find the time 
of its running down the whole curve and the velocity acquired, 
and shew how the same principles may be applied to any rectifiable 
curve. 
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19. Elasticity : perfect elasticity : : m ; 1« Fiad tlie point m a 
given lioriaontal line, from which^ if a ball be dropped, it shall, after 
striking a given inclined plane^ be reflected to a given point. 

20. A and B are two pullies, A fixed, ^moveable, and P draws 
up FF; define the circumstances of the motion, when the inertia of 
A and B is taken into consideration. 

^1. Make a body oscillate in a given cycloid* 

St. JOHN'S COLLEGE, Jtms 1818* 

1. Ip a body be kept at rest by three forces, and lines be drawn 
qually inclined to the directions in which they act, forming a 
triangle, the sides of this triangle will represent the quantities of 
the forces. 

2. The same weight is weighed at the two ends of a false 

1 
bdatioe, and it is observed that the whole gain is ~th part of the 

true weight; to determine the distance of the fulcrum from the 
middle point of the lever. 

8. If two equal forces sustain each other by means of a string 
passing over a tack, shew that the pressure upon the tack is to either 
of the forces as the sine of the angle at which the forces act to the 
ame of ^ the same angle. 

4. The space described by a falling body in the n^ second : space 
passed over in the last second except {n) :i a : b ; find the whole 
space described. 

5. If three forces be represented by the three adjacent sides of a 
rectangular parallelopiped, the compound force is the diagonal ; find 
this force in terms of the other forces, and shew that the sum of the 
squares of the sines of the angles which each force makes with the 
compound force is a constant quantity. 

6. From the two ends of a vertical straight line two bodies are 
at the same instant projected towards each other. Find their dis- 

ttnce from each other when ~th part of the time in which they 

n 

would meet, is elapsed* 
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7. AP, AQ are the directions of two forces P, Q, and AR that 
of their compound force R^ and FE, KG are drawn in any direction 
parallel to each other^ then 

P :Q:E:: eg.bf : fk.de : dh.fe. 

8. The same notation remaining, if any point E be taken in the 
same plane with P, Q, R, and the perpendiculars EF, EG, EH, he' 
drawn, then Q . jBG ± P. JEP = /2 . EJET. 

9. In a system of (ji) moveable pullies, where each pulley hangs 
by a separate string, and the strings are parallel, if the weights of 
the pullies, reckoning from the one nearest to W increase in a geo- 
metric progression, whose common ratio is (2), when there is an 

W B 
equilibrium P = "t;;; + ~ • (2* — 2 *" ") ; B being the weight of the 

lowest pulley. Find likewise (n) from this equation. 

10. A given weight P draws another Q up an inclined plane by 
means of a thread running parallel to the plane^ and the force stretch- 
ing the string is -th part of the descending weight ; to determine 

n 

the plane's inclination to the horizon. 

11. In the Swedish steelyard the body to be weighed and the 
constant weight are fixed at its extremities, and the fulcrum is move- 
able. If then (n) bodies in arithmetic progression are weighed in 
succession, and the two first are w and w', determine the distance of 
the fulcrum from either end when the last body is suspended. 

12. Compare the time down any arc of a given cycloid with the 
time down the corresponding chord. 

13. If a line be drawn from each extremity of the axis major to 
any point of an equilateral hyperbola, having its plane and axis 
vertical, the times of descent down these lines are equal. 

14. If the plane and axis of a cissoid be vertical, to determine 
the line of quickest descent from the curve to the farther extremity 
of the diameter. 

15. Shew from the phenomena of pendulums that a falling body 
descends through l6^ feet in the first second of time.-— Does your 
proof suppose the body to fall in vacuo ? 
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l6. ^P, BQ are tli6 directions of two parallel foroes P, Q, wUch 
sustain each oth^ on the equal arms of the bent lever AFB. Draw 
FD perpendicular to AB, aadFC parallel to AP or £Q, then 

P + Q : P- Q ; : tan.-—- : tan.— —• 

17* If d be the angle which the direction of projection makes 
with the horizon, (a) and (fi) the vertical and Jiorizontal distances 
of An inclined plane from the point of projection^ and (A) the height 
due to the first velocity, the time of flight (/) will be determined 
fnna this equation, 

^ m [, h J m 

18. A perfectly hard sphere A moves with an uniform Telocity 
(v) along the line /C, another perfectly hard sphere J9 is so situated 
that A impinges upon it when its centre arrives at G ; calling the 

the velocity of A after impact = « y •< sin-^d + ( -j ^ . cos.^d J- 

19. A body urged by gravity descends in the quadrant of a circle, 
and is at the same time acted upon by a repulsive force placed in the 
lowest point varying inversely as the (dist.)^ ; to find the velocity of 
the body at any point of its descent, and to determine its positions 
when at rest, and when its velocity is the greatest. 

20. ACBDG a perfectly flexible chain of given length fastened 
at A passes over the pulley B, which is placed dose to A. The 
excess of DG above BC at the commencement of the, motion being 
given, to ascertain the velocity of the chain after a given portion of 
it has been drawn over the pulley. 

21. Find the centre of gravity of the sector of a sphere. 

22. Find the centre of gyration of an ellipse revolving round its 
centre in its own plane. 



St. JOHN'S COLLEGE, May 1823. 

I. Definb force and its measure, and determine that of gravity 
from observing the time of an oscillation in a small circular arc. 
[Supp. P. IL] D 
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% In what portion will the weight whk)h ft given power «op- 
ports, by means of a wheel and sqnare asle, be a mean p wip o rt i oBal 
between the greatest and least weights supported on die sme 
machine. 

3. If two forces inclined at angles a and |3 to the arms a and h 
of a straight lever, not attached to itff fulcmm, balanoei then 

a :h \: tan.(/3) : tan.(«). 

4. In imperfectly elastic bodies the relative velodtj before impact 
! relative velocity after : : compressing force : force of elasddty. 

5. If two sides of a billiard-table be inclined at an angle of 5^ 
and a perfectly elastic body be projected against one of them at an 
angle of T, find after how many reflexions it wiU cease to approach 
the angle. 

6. If a regular hexagonal canal be placed with two oppodte 
angles in a vertical line ; the velocity acquired in falling from the 
highest to the lowest point : velocity acquired in falling freely down 
the same height : ; 5 : 8. 

7« If a cylinder be placed with its axis horizontal, .find the 
greatest distance to which it may be produced^ so that a bullet fired 
from the one end with a given velocity may just pass through it. 

8. If two equal parabolas be placed with their axes in the same 
vertical line ABD^ then, if a body fall down the plane BEF and 

■ 

the ordinate FD cut BE in G, 

time down BE : time down EF :: DG: GF. 

9* Prove that when a system is in equUibrio, the centre of gravity 
is the highest or lowest possible ; and hence deduce the position of 
equilibrium of the two equal beams AC, BD, which, revolving in a 
vertical plane round the points A and B in the horizontal line AB, 
support a given wdght on the string joining their summits. 

10. Find the velocity acquired by the middle point of a rod in 
falling from a vertical to a horizontal position, "the bottom being 
prevented from sliding. 

11. If a body be drawn up a cycloidal canal placed with its axis 
vertical, by means of an equal weight passing over a pulley at the 
highest point of the arc ; the time of ascending to the highest point 
: time of ^ an oscillation : ; i/2 J 1. 
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It. Oiiren Uia wdght whidi a man six feet b^ cati suj^rt 
with his ani^ horiiontal ; find the height of a matt who can odIjf 
rapport hk ann in that position. 



St* JOHNre COLLEGE, Mat 18^7. 

1. If a rotatory motion be communicated to a body, and it be 
then left to move freelyj shew that the axis of rotation will pass 
throQgh the centre of gravity.. 

2. A beam PQ of uniform density and thickness hangs by two 
strings AP, BQ, from two fixed points A, B, Shew that when 
there is an equilibrium, the tendons of the strings are inversely as 
the sines of the angles at P and Q. 

3. ilB is a vertical line of given length. Find the locus of the 
pomt P, so that the square of the time down AF together with .the 
square of the time down PB may be always constant. 

4^ The time of descent to the lowest point in a small circular 
arc : time down the chord : ; circumference of a circle ; four times 
its diameter. 

5. A given conical beam rests with its vertex against a smooth 
vertical wall, and the base is sustained by a known wdght fastened 
to a string which passes over a fixed pulley. Required the position 
of the beam when at rest, and the pressure against the waU. 

6. A paraboloid rests with its vertex upon that of a given henu-^ 
sphere. Find the length of its axis so that it may all but fall. 

7. Find the centre of gravity of a parabola cut ofif by an ordinate 
to any diameter. 

8. Two elastic bodies move in opposite directions with equal 
momenta. Shew that the difference of the products of each body 
and the vdLodty of the other before impact : sum after impact : t re- 
lative velocity before : relative velocity after. 

9. When P raises JV by means of the wheel and axle, given P 
and W and the radius of the wheel ; find that of the axle so that 
the axis may sustain the least possible pressure. 

1)2 
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10. Two equal weigltts are connected \fj a string oT uniform 
dennty and thickness which passes over a fixed pullef* and thfe string^ 
when suspended freely will just support a weight (W)* The whoU 
heing put in motion, find the time elapsed before the string breaks. 

11. An elastic ball being projected obliquely upwards is con- 
tinually reflected by a perfectly hard horizontal plane, and the sum 
of the areas of all the parabolas described : area of the first : : 8 : 7; 
find the elasticity of the ball 

12. A. hollow Inhere, whose external and internal radii are 
known, rolls down a given inclined plane*. Find the inclination of 
another plane of the same length so that it may slide down it in the 
same time. 

13. An isosceles right-angled triangle ABC is suspended at the 
right angle A^ and its side AB (4/), is kept vertical by a ring at JB. 
An angular velocity (a;) being communicated to the triangle round 

AB, shew that there will be no pressure at £ if a;^ sr ^ 

14. If two bodies be projected at equal distances from a plane to 

which they are attracted by a force varying — , and with velocities 

which are inversely as the . sines of the angles which the directions 
of projection make with the plane, prove that their common centre 
of gravity wiU describe a conic section. 

15. Two bodies P and Q connected by an inflexible rod and 
acted on by gravity move in tlie circumference of a vertical circle, 
find the tension of the rod in any position. 



St. JOHN'S COLLEGE, Dec. 1829- 

1. If two forces, acting on the arms of any lever, keep it at rest, 
they;are inversely proportional to the perpendiculars drawn from the 
fulcrum on their directions.. 

2. If a point be kept at rest by three forces, acting upon it at 
the same time, any three lines, which are in the directions of these 
forces, and form a triangle, will represent them. 
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3. Any wdgbts will keep each other in equilibrio on the arms 
of a straiglit leyer^ when the products, which arise froin multiplying 
each weight hy its distance from the fulcrum^ are equal on each side 
of the fulcrum. 

4. Find the ratio of P to ^ in a system of n. pulleys^ where 
each pulley hangs By a separate string, and each string is attached 
to the weight. 

5. Find the ratio of P to JV when they sustain each other upon 
two inclined planes having a common altitude, by means of a string, 
which is parallel to the planes. 

6. Find the ratio of P to ^in the wedge. 
7* Prove the third law of motion. 

8. In the dii^t impact of two imperfectly elastic bodies, find the 
velocity lost by A. And if il impinge upon B at rest, find the ratio 
of il to fi, that A may remain at rest after impact. 

9. Define accelerating force. How is it measured ? Prove 
that the space described by a body uniformly accelerated from rest, 
is equal to half the space it would describe in the same time with 
the last acquired velocity continued uniform. 

10. The length of the arc of a cycloid is double of the corre« 
sponding chord of the generating circle. 

J 1. Find the time of an oscillation in a cycloid. 

12. Find the equation to the curve described by a body projected 
in any direction, not vertical, and acted upon by gravity. 

13, Find the range on an inclined plane passing through the 
pmnt of projection : and the greatest height of the projectile above 
the plane* 

St. JOHN'S COLLEGE, Dec. 1830. 

1. If two forces, acting on the arms of any lever, keep it at rest^ 
they are inversely proportional to the perpendiculars drawn from 
the fulcrum on their directions. 

2. The efiects of forces, when estimated in given directions, are 
not altered by composition or resolution. 
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3. Find the proportion between the power and wd^t in diat 
^stem of piiUies^ in which each string ia attached to the weight ; 
the strings being parallel. 

4. If P and W be two forces in equilibrium on a lever, and the 
whole be put in motion round the fulcrum, prove that at the begin^ 

ning of the motion ^^, t—^ = -77^ t^e velocities of P and W 

° W s velocity Jr 

behdg estimated in the directions in which they act 

5. In a system of bodies, given each body and it» perpendicular 
distance horn a fixed plane, find the perpeQdicylar distance of the 
centre of gravity of the system from the same plane. 

6. Prove that the higher the centre of gravity of a body is, 
casteris paribus^ the more easQy it is overtunied. 

7* Write dowa the three Uw« of siotioD> and prove the third 
law. 

8. In the direct impact of two bodies whose elasticity U (e)« find 
their velocities after impaet. Explain what i« meant liy (e). 

9. Prove the equations i> ^ft, arsx\iv\ (v) being the velocity 
acquiredi and («) the ^oe described in the time {t), by a body 
accelerated from rest by an unifixrm force (f)% 

10. If a body be projected downwards with a velocity (n) in the 
direction of an uniform force {f)^ find its velocity after having 
described a space (s). 

1 1« Find the time of oscillation in a cycloid. 

IS. Find the equation between hori^qtal atid vertical co-ordi« 
nates to the curve described by a body projected with a given velocity 
iu a direction inclined at a given angle to the horizon. 

13. A body being projected at a given angle with the horizon, 
find the. range and time of fiight on a given inclined plane passing 
through the point of projection, and determine the greatest height 
to which it rises above tibe plane. 
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St. JOHN'S college; May 1831, 

1. If a body descend from rest down any curve by the action <rf 
gravity^ the velocity acquired at any point is equal to th^t which 
would be acquired, in falling from rest through the same perpen- 
dicular height. 

2. State the principle of virtual velocities, and prove it in the 
case ef the single moveable pulley with strings not parallel. 

5. If (n) bodies P, 2P, SP, 4P, &c. be placed at equal dis- 
tances along a straight lever of giYe^ length, find the point upon 
which they will balance. 

4. A beam of given length and thickness reste in a horizontal 
poatioQ with Its extremities on two props ; and a weight equal to the 
weight of the beam^ hung fVpm its middle pointy is just sufficient 
to break it at that point; what must be the length of the bean^ 
between the props^ when it wIQ Just break in the same point by its 
owB we^jht? 

5. A ^ven uniform beam, having one extremity oq a smooth, 
hoiizontal plane, leans over the top of a given vertical ppst* a\id is^ 
kept from sliding down by an obstacle placed at its lower extremity. 
Find iibe )wvuK)nt;al presQsre against this obstacle. 

6. If a body deseend from rest down a quadrant of a circle by the 
•etioa of gravity^ find at what points of the descent it must be 
rofieeted by a horf^onta! plane, that the range upon this plane may 
be equal to the perpendicular height fallen through. 

7. A globe of given dimensions being projected up a given smooth 
inclined plane, describes {a) feet upon that plane ; how far will it 
ascend when the plane k trnt^, the body being projected with the 
same velocity ? 

8« Tlte leiigth of ait voifonh elastic string, when unstitetdbed, is 
Qt|ual to the radkis of a pven ciyds; but when laid along the ciiv 
ttiMpfipie as c of this eircle placed vertieatly, bi^faishig ftont the U^esl 
point, it extends over an arc of 60°. Find its extensibility. 

9^ Th]0ee perffK^dy flastia Wis A, B^ d, are placed at the thfee 
angl^ of a flanQ t^iw^^ of wbidi the aofj^lea are known. Campave 
the magnitudes of the balls; when A impinging obliquely on B with 
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a given velocity is reflected so as to strike C, and thence reflected 
to its first position ; the lines drawn from the centres of the halla to 
the points of impact, being respectively perpendicular to the opposite 
sides of the triangle. 

10. Two bodies, P, and Q, connected by an inflexible rod with- 
out weight, rest upon the inner surface of a hollow paraboloid, the 
axis of which is verdcaL Find the position of equilibrium. 

1 1. Find the radius of the globe, which must be attached to the 
extremity of a second's pendulum, so that the time of vibration may 

be increased by ~th part of a second. 

n 

12. A body^ placed at a given altitude above the horizon^ is 
acted upon in a vertical direction by gravity, and ia a horizontal 
direction by a force always proportional to its distance &om the 
horizon. Supposing the body to set out from rest, find its path, and 
determine its nature and dimensions. 

13. Two equally elastic balls descend at the same instant down 
the arc of a cycloid, from the opposite extremities of its horizontal 
base. Find the whole space described by them between the 1st and 
(2ii+l)* impacts. 

14. A given uniform rod, acted upon by gravity alone, vibrates 
in a vertical plane about a horizontal axis passing through one of its 
extremities. Supposing the rod to be placed horizontally at first, 
find the quantity and direction of the whole pressure on the axis, 
in any position of the rod. 



St. JOHN'S COLLEGE, May 1832. 

1. If four forces be represented in magnitude and direction by 
lines jobing the angles of a triangular p3rramid with its centre of 
gravity, they will keep a particle placed at that point in equili- 
brium. 

2. When a body is projected vertically upwards with a given 
velocity, determine its velocity after ascending through a given alti-^ 
tude* 
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3. If a body be ]m>jecied down a |)laile inclined at 30^ to tbe 
horizon with a velocit}^ =^1 of tbat due to the height of the phine/ 
the time down the plane will equal the time down its vertical 
height from rest. * 

4. If 72 be the resultant of the forces P and Q acting on a point, 
and r, p, q, be the perpendiculars on their directions drawn from any 
point in the plane in which they act^ then Rr ^^Pp + Qq, 

5. The accelerating force on the centre of gravity of two bodies 
P and Q moving vertically^ and connected by d string passing over a 

fixedpulley=(p^).^. 

6. Find the centre of gravity of a circular arc ; and thence de. 
termine the position of a walking stick suspended by the extremity of 
its handle, which is a semicircle. 

7. When an elastic string is suspended vertically from one 
extremity, the upper half is lengthened three times as much as the 
bwer. 

8. Find the equation to the catenary when acted on by gravity. 

Q. Determine the velocity with which a perfectly hard wheel 
must move on a horizontal plane, so as just to surmount a given 
obstacle. 

10. A body P acted on by gravity moves down a semiciycloid ; 
shew that if PQ be drawn horizontally to meet the circle described 
on the axis of the cycloid, Q moves uniformly with a velocity due to ^ 
the radius of the circle. 

11. Prove that there are generally two directions, in which a 
body may be projected with the same velocity so as to pass through a 
given point ; but only one when the velocity of projection is a mini- 
mum : determine also the minimum velocity. 

12. Define the centre of oscillation of a body, and investigate a 
general expression for its distance from the point of suspension. 
Determine the radius of oscillation of a sphere round a horizontal 
axis at a given distance from its centre. 

1S» A beam of given weight and length is fixed at its lower 
extremity to a hinge, and rests with the other on the slant face of a 
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righUimgled prina in such a wanner that the motkms of talation and 
tnuudation ci die piiam are juat prevented. Supponng the hinge and 
Ibe base of the priam to be in the same hoiixontal pkne, find the 
position of the prism and the coefficient of friction. 

14 Vfh&Sk a system of forees acts upon a ri^d body^ defermine 
the (HmditiQn that tbej 'may have a nngle resultant. - 

15. A thin cylinder (W) of given elasticity is drawn along a 
horizontal plan^ ^^l^ a string w]:a])ped round i%^ which pasaing 
through an orifipe ^l in the vertical plane BAC, sustains a weight P 
hanging vertically ; determine the whole space described by P before 
the motion of W ceases. 

16. Investigate an e(j[uation fpr determining th^ tenriqn of a bgw 
string, the curvature of the bow being small. 

CAIUS COLLEGE, May 1831. 
Seemul Ytar, 

1. If three parallel forces acting on a straight lever produce equi-« 
librium, each is as the distance between the other two. 

^. Prove the parallelogram o£ fbreei. 
Whal Q^ieetkini may be urged against your demonstration } 
3. Find the ratio of P to W in the screw. 
4ir Find the centre of gravity of a triangle^ 
If a 6^ c be the lados of the triangle, and hk lih^ distances of its 
singular points from the centra of gravity, then 

fl2 + ft^ + c« = 3(^2 + k^ + /«> 

5, PetenninQ measures for the requisite qualifications of a. good 
balanp^t 

. 6, Find the ^nditions of equilibrium for any fbrees acting in €ti» 
plane on a rigid body. 

7« Enunciate and i»ove the principle of virtual Velocities. 
Dees yenr demonstration prove the prineiple to the fuQ extent of 
its application ^ 

8. Prove that the volume generated by the revolution of a plane 
area about a lim in its Qwn phine, is m the area X the path of its 
oeiktr^ gf giaiity ( 
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Find the volume geqeiated by the xevolution of the area hounded 
by an entire cycloid^ about a tangent to the curve at ito vertex, 

9. If a chain be acted on at every point by a force tending^ to or 
fiom a centre, the tension varies inversely aa the perpendicular {ran 
the centre of force ou the tangent* 

10. Prove the equation ^ sb/; and hence deduce, that (oK ai^ 

uniform force 2^ =ftK 

11. If two spheres be moving uniformly in straight lines, having 
given their velocities and contemporary positions; find, by construc- 
tion, their positions when nearest each other, 

(1.) When the lines are in one plane. 
(3.) When they are not in one plane. 

12. If a body be projected in a given direction and with a given 
velocity in vacuo, determine the curve described ; and find the maxi- 
mum distance of the body from a given plane. 

13. Find the time of the oscillations of a body mad^ to move in 
the are of a cycloid whose axis is vertical ; and determine the ten(dc9i 
of the string. 

CAIUS COLLEGE, June 1832. 

1. Define the resultant of two forces ; and prove that it acts in 
the direction of the diagonal of a parallelogram, the sides of which 
represent the forces in magnitude and direction. 

2. Find the conditions of equilibrium of a point upon a curve ; 
the forces acting in the plane of the curve. 

3. Prove that two parallel forces, equal and contrary, but not 
directly opposite, cannot have a single resultant ; and that a pair of 
such forces will make equilibrium with any other similar pair, the 
plane of which is parallel to the plane of the farmer, and the ten^ 
dency to produce motion in a contrary direction* 

4. A unifbrm triangular plate is suspended from a point by strings 
fastened to the vertices of its angles; prove that the tensions of the 
strings will he proportional to their lengths. 

5. Two forces p and q acting at the extremities of the armsn and 
6 of a strsdght lever make equilibrium ; find the pressure on the fhl« 
crumi p acting on the lever at an angle of GOf". 
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6. Find the power necessary to sustain a weight upon Im indinecL 
plane^ the direction of the power being given. 

What must the direction he that the power should be a jninimtno^ 
friction being proportional to the pressure ? 

7. If ^ = chord x be the equation to a curve, the distance of its 
tentre of gravity from the axis will be equal to -. 

8. Illustrate the general proof of the principle of virtual veloci- 
ties by its application to the lever. 

9. Define * inertia' and ' weight' ; and prove that the inertia of a 
body is ptoportional to its weight. 

10. State the second law of motion : and mention some experi- 
ments by which it is established. 

11* Find the motion of two imperfectly elastic bodies, after their 
direct impact. 

12. A body acted on by gravity is projected in a pven direction 
with a given velocity ; find the direction and velocity at any time* 

13. Find the time of vibration in a circular arc> and the pressure 
upon the curve. 

14. A dock loses 5^' a day; what change should be made in the 
length of the pendulum ? 

QUEEN'S COLLEGE, 1825. 

1. Two forces which are to each other as 2 : \/3, when com-* 
pounded, produce a force which is equivalent to half the greater : 
tequired the angle at which they act. 

2. Suppose that a cylindrical lever, 1 8 feet long, rests in equi. 
librio upon a fulcrum two feet from one end, having a weight of 
five pounds at the farther, and another of 100 pounds at the nearer 
end to the fulcrum; what is the weight of the lever? 

S. Two equal weights are suspended by a string passing over 
three tacks, which form an isosceles triangle, whose base is parallel 
to the horizon, and vertical angle 120°. It is required to compare 
the respective pressures on the tacks with each other, and with the 
weights. 
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4. Required the centre of gravity of ihree equal bodies, placed 
at the three angles of an isosceles right-angled triangle. 

5. An equiangular prism when placed upon an inclined plane, 
with its axis parallel to the horixon^ is just supported ; required the 
plane's inclination. 

6. A body falls down (a) feet of a given inclined plane in (b) 
seconds^ another body at the end of {b) seconds is let fall in the 
line of descent of the first body at the distance (a) + (c) feet 
from the vertex of the plane; show how the time may be found, 
in which the first body will overtake the other ; a, b and c being 
^ven. 

7« It is required to divide a given inclined plane into three such 
parts> that a body descending down the plane may describe each 
of them in the same time. 

8. Two given weights A and B hang over a fixed pulley ; re^ 
quired the length of a pendulum that makes one oscillation whilst A 
descends one foot. 

9* A body^ dropped from the top of a tower^ falls to the ground 
in the same time that a pendulum twelve inches long makes six osdlla- 
tions ; required the height of the tower^ on the supposition that the 
body falls through the space of sixteen feet in the first second. 

10. If two bodies are projected^ at the same time, from two given 
points with given velocities in given directions, required their dis. 
tance at the end of f\ 

QUEEN'S COLLEGE, May 1831, 

1. State the three laws of motion, and give an account of the 
experiments by which the second is established. 

2* There will be equilibrium in that system of pullies in which 
each pulley hangs by a separate string, if each pulley, the power, and 
the we^ht, are all equally heavy. 

S. A rod rests with its middle point against a post of half its 
length and on the ground : show that the horizontal force at the 
bottom of the rod which prevents the sliding 

ij 3 
= (weight of the rod), -r—. 
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4h Agirenthrnst is communicated to a smooth jdaxie by means 
of a rod^ which is prevented from sliding by a thread tied to its ex« 
tremity and making equal angles (fi) with die rod and plane : show 
that the pressure on the plane oc tan (0). 

5. State and prove Guldin's Properties^ and shew that if the 
extreme ordinate of a semi-parabola equals its latus rectum, that the 
solids generated by the area revolving round a tangent at its vertex, 
the extreme ordinate, and its axis, are respectively as tihe num. 
bers 1, 1, J. 

6. A hemisphere is placed with its vertex on the base of another 
one of equal radius : prove that if the density of the upper one : that 
of the lower 11 3 : 5, that the whole sdid will rest on a horizontal 
plane in all positions. 

7. If a system acted' on by gravity be in a state of permanent 
equilibrium, and then slightly disturbed, the small motion of the 
centre of gravity is entirely horizontal. 

8. From the last question show, without any calculation, that an 
uniform rod will rest in all positions against a point and on the oon*. 
cave arc of the conchoid of Nicomedes. 

9. In the impact of two perfectly elastic balls, the sum of each 
body multiplied by the square of its velocity is the same before and 
after the' impact : show that the same proposition is also true when 
the motion is continued through any number of elastic ball& 

10. At the two extremities of a string which passes over a fixed 
pulley are attached respectively three and two equal balls, and thus 
motion ensues for five minutes when suddenly two of the three balls 
fall ofif. Show that the remaining single ball will continue to descend 
for three minutes longer. 

11. If a pendulum when carried to the top of a mountain is. 
observed to lose in a given time just twice as much as it does when 
taken to the bottom of a mine in the neighbourhood— show that the 
height of the one equals the depth of the other. 

12. The moment of inertia of a spheroidal surface of small cllip- 
ticity about its axis = ~ w6* ,(l + -ej where c = — 7— • 
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QUEEN'S COLLEGE, May 18S2. 

]• GivxN the sum of two forces which act on a point and the 
angle which each of them makes with the resultant, to find the re- 
mltant. 

2. If one arm of a halance be slightly longer thaii the other, the 
error in tlie weight will vary as this slight error in the -length. 

3. If the same weight be again used in the other scale, the loss 
upon the whole will vary inversely as the square of the length of the 

arm. 

4. A beam rests with one end upon a circle and the other upon a 
parabola ; find the position of equilibrium. 

5. AEBC is the quadrant of an ellipse of which AB and ii Care 
the semi.4uces : find the position of the centre of gravity of the por- 
tion BJSCcutoff by the quadrantal chord EC: shew that its ap- 

7 
proximate distance from AC =z — BA* 

6. The base of an inclined plane is horizontal and an uniform 
chmn is laid over the plane, reaching either way to the base : prove 
that the chain has no tendency to move. 

7. ACy EC are two uniform rods of equal lengths and perpendi« 
cular to each other ; but the density of EC : that of AC :\ //S : 1 : 
prove that they will rest vertically, when the right angle C is placed 
on a horizontal plane and EC inclined at 60® to the horizon. 

8. If any number of forces act upon a rigid body, they are in 
all cases reducible to a single force and a single couple: prove 
that the single force passes through the fixed pivots in Roberval's 
balance. 

9. Find the momentum of inertia of an elliptic quadrant about 
an axis through the extremity of its major axis perpendicular to its 
plane. 

10. An imperfectly elastic ball is let fall vertically upon a para- 
bolic curve placed in a vertical plane, find the point where it must 
strike the curve so that after reflexion it may pass through the vertex. 



li. If a material pointy kept at rest by any forces^ be slightly 
disturbed^ so that the resulting force of restitution is in the directum 
of displacement^ prove that this force varies as the displacement 

12. Four equal attractive forces are placed in the comers of a 
square and varying as 9 (r) act on a particle in a diagonal and very 
near to the centre of the square : shew that the particle will oscillate 
in the diagonal and the time of one of these small oscillations varies 

inversely as y (?>'(«) H ^) where a is the semi-diagonal. 



JESUS COLLEGE, May 1830. 

1. Explain what is meant by weight, and show how the weight 
of any body may be measured, 

2. The whole length of the beam of a balance is 3 feet 9 inches, 
A certain body placed in one scale weighs 9 lbs. and placed in the 
other weighs 4 lbs : find the true weight of the body, and the length 
of the arms of the balance. 

3. Show how the steel-yard must be graduated. 

4. If three forces keep a point at rest> they are to each other as 
the sines of the angle contained by the other two. 

5. A given weight is supported by three props upon a horizontal 
plane. To find the pressure on each : the lengths of the props and 
the distances at which they stand being given. 

6. In toothed.wheels, the moment of P about the centre of the 
first wheel, is to the moment of W about the centre of the second 
wheel, as the perpendiculars from the centres of the wheels upon the 
line of direction of their mutual actions. 

7. Show in the case of the wedge that P I W :i fVs velocity 
in the direction of its action : P's velocity in the direction of its 
action. 

8. Find the centre of gravity of a triangular pjrramid. 

9. When a body is supported on a curve (the curve being in a 
vertical plane) : to find the conditions of equilibrium. 

10. Find the centre of gravity of the sector of a circle. 
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11. In the direct impact of perfectly elattic bodies, the sum of 
eadi body u|to the square of its velocity is the same before and afWr 
impact 

12. When a body is accelerated in a straight line by a uniform 
force^ the velocity is as the time from the beginning of the motion^ 

13. A heavy chaia 100 feet long hangs freely over a fixed pully^ 
60 feet on one side, and 40 feet on. the other^ find how. long the chain 
will be in quitting the puUy; friction and the inertia. of the pully 
being neglected. 

14. A body is to be projected from a given point with a given 
velocity^ so as to strike another given point : to find the direction of 
projection, 

15. If a body descend down any curve by the acdpn of gravity^ 
the velocity acquired at any point will be the same as if the body had 
descended down the same vertical space falling freely. 

16. If a pendulum be idightly altered in lengthy to find the num- 
ber of osdliations gained or lost in a day. 

JESUS COLLEGE, May 1831. 

1. If two forces acting upon a point be represented in magnitude 
and direction by the two sides of a parallelogram, the force which is 
equivalent to them both will be represented in magnitude and direction 
by the diagonal. 

2. Compare the power and weight. in the equilibrium of a system 
of pullies in which each string is attached to the weight. 

3. When there is an equilibrium on the inclined plane if a small 
motion be given to the parts of the system 

P X P's velocity =:WxW*s velocity. 

4. Define the centre of gravity, and find it in any system of bodies 
whatever, considered as points. 

5. When an uniform chain is acted upon by a centripetal force, 
the tension at any point varies inversely as the perpendicular on the 
tangent from the centre of force : prove this, and find the law of force 
that a chain may hang in the form ci an hyperbola, the centre of force 
bang in the centee of the hyperbola. 

[Supp. P. IL] B 
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6L Stita ths three kwiof motion, and pmre the tiiiid. 

7» The velocity and motion of the oentre of gravity of two bodies 

is not altered by impact. 

S. Find the time of oscillation in a«yeloid ; if the hody descends 
from the highest point of the cycloid^ what portion of the arc will it 
describe in -f^ th part of a complete oscillation. 

9. When the forpe of gravity is slightlj altered^ find the number 
of seconds gained or lost in a day by a second's pendulum. Apply 
your result to the case when a pendulum is carried to a ^ven depth 
below the earth's surface^ the force of gravity varying directly as the 
distance from its centre. 

10. A uniform beam of given length rests between two planes 
inclined at right angles to each other ; find the portion of e^uililirium« 
and shew whether it is stable or unstable. 

11. Two equal weights connected by a string move freely on a 
semi-circle in a vertical plane^ find the accelerating force in any posi« 
tion^ the length of the string being equal to the arc of a quadrant of 
the circle. 

12. In the last problem supporing the two bodies begin to move 
from a position of equilibrium^ then the velocity acquired when one 

of the bodies arrives at the highest point s y Tag* tan. -Y a being 
the radius of the cixde. 

13. A weight P is attached to the extremity of an elastic string, 
the other extremity being fixed> find the curve on which P will rest 
in all positions. 



JESUS COLLEGE, Junk 1832. 

1. If two forces acting perpendicularly on a straight lever, on the 
same or difierent sides of the fulcrum, are inversely as their dbtances 
from the fulcrum, they will balance each other* 

2. Assuming the principle of virtual velocities, prove that a system 
acted on by gravity and the reactions of the surfaces on which the 
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pMticlM inovi^ will batt Its eettkce of gmri^ the Ugjieit ttr lowiest 
potsiblo in die poaitka of equilibrium. 

3* Shew how to graduafee the catamati fteoljrard, 

4i. Find the resultant of any number of fcnrces acting in the same 
plane upona rigid body. 

5. If a body aoted on by a csonstant fence be pvejeeted with the 
velocity u, and v be the velocity after detoribing a given ^aee 9, 
then »«— «« w 3/«; 

6. In the direct or oblique impact of two perfectly elastic bodies^ 
the sum of eadi body into the square of its vdodty is the same before 
and after impact 

7. Let P be a point equidistant from two. parallel planes whose 
distance is (a) ; x and y the co-ordinates of a point Q between the 
planes measured from P, the axis of x being perpendicular to the 
planes ; if a ball be projected &om P in a direction making an angle 

(0) with the planes such that tan.6 = ^^ — , it will hit 

y ; 

Q after n reflexions; ihe positive or negative sign being used ac« 
cording as the body is prqjected towards the plane whose co-ordinate 
is positive or negative. 

8* Find the accelerating force when one wei|^t dmws another 
over a single fixed puUy» the inertia of the pully being neglected. 

9. P and Q are two weights supporting one another on two 
{Janes whose inclinations are • and A by means of a string passing 
oyer their common vertex: the greatest and least values oi Q will 

^ ^^i^-y)^ "°^ ^JgVy)'^ respecriTdy, tan.y being the 
coefficient of friction. ^ 

10. The centres of oscillation and suspension are reciprocal. 

1 1 • Given one prindpal axis> find the other two. 

12. A uniform chain hanging over any system of curves or tacks 
in a vertical plane^ will rest when the extremities are in the same 
horiaontal plane; prove this and thence find the tensidn at any point 
of the cdinmon catenary. 

£ 2 
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IS. A vx^fytmhesmyrhose length 
against a smooth vertical plane) alwajrslouclies aeufve.iiirlJoeee^EU^ 

^ Gy + («>^ = 1, the .xi. of > bdrig in the T^rtfcd plane; 

determine the motion and shew that if Fhe the irdbcitytyf the centre 
of gravity of the heam^ v of the point of coootact of the beam' and 
curve^ the inclination of the beam to thehorison, v^ds Foo8.( ; find 
also the position of equilibrium. 

14. A sphere attracted to a given centre of force varying as 
(Dist) is projected with a 'given velocity along a "plane passing 
through that centre; friction being such' as* to prevent aU- sliding': 
prove that the path will be an ellipse^ and find the velocity when it is 
a circle. 



SIDNEY SUSSEX COLLEGE, May 1830. 

1. Define a lever: and prove that if two equal weights act 
perpendicularly on a straight lever, they may be kept in equilibriiiin 
round any fulcrum by the same force as if they were collected at the 
middle point between them. 

2. An iron bar weighs a ounces -per inch : find itis length when 
a given weight iv, susfien^ed at one end, keeps it in'equilihrio upon a 
fulcrum at a given dis^tance from the other end. 

3. (1). If a body at rest be acted upon at the same instant by 
any number of • fdrces, which are ' represented 'in magnitude 'and 
direction by the sides of a polygon taken in order, it will remain at 
rest. 

(2). Is the converse proposition true ? 

4. Let a given weight ^'be supported by two props it C, BC 
upon a smooth horizontal plane AB : find- the horizontal pressures at 
A and B, which will prevent the props from sliding outwards. 

5. Explain the construction of a system of pullies, in which 
the weight of the pullies increases the power of the machine : and, 
supposing the pullies equal, find the equation of equilibrium. . 
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r &. . Define the centre xif gravity : and find it for any number of 
poinUiiin the same plane. ' 

7* iLet. a nnifann.beam be. supported on two given indined 
planes : find the ppsilian in wjbich it will rest. 

8. Shew un^. what condition a system of forces^ acting any 
how ia spaoe^ can have a single* resultant : and find the magnitude and 
direction of that resultant. 

9. Find the differential expression for the centre of gravity of a 
solid of revolution : and aj^ly it to a parabolic frustum. 

10. Find ihe equations to the common catenary. 

11. In the direct impact of imperfectly elastic bodies^ find the 
velocities lost by A and gained by J5 in the direction of A's motion. 

12. Find the direction in which a perfectly elastic ball must 
move^ from a given pointy so that it may return to the same point 
after impinging successively on the four sides of a rectangle : and 
prove that in its course it describes a parallelogram* 

13. Let a body be projected with a given velocity^ and acce« 
lerated or retarded in the line of its motion by an uniform force : find 
the time in which it will describe a given space. 

14. Let two bodies P and Q be connected by a string passing 
over a fixed pulley^ and let P descend : after P has described a given 
space let a weight tv be renioved from P, lieaving the remainder 
(P -^ fo) lighter than Q. Trace the subsequent motion. 

1.5. Prove that a projectile describes a parabola : and find the 
directrix^ focus^ and latus rectum. 

16. Two bodies are projected from the same point with the 
same velocity^ so as to fall again on the horizontal plane passing 
through the point of projection^ at the same point ; and the times 
of flight are to each other asm l n. Find the directions of pro« 
jection. 

!?• Explain the construction of the cycloid : and make a body 
Hpilkte in it. 

IA The length of the second's pendulum, in vacuo^ is 
39*1386 inches: hence find the actual force of gravity. 
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19. IM itl^ 6kMie Mb oMallfite in the MA6 cytlM, one 
each side ihe vertical line drawn through the eoitiittott pohit of n 
ptillioil: exj^kdii tbm moiks% •upposing tke dfliQBiits to b^^ 

(1). At the gaai* tkBO fiwi dilfet^t altittides ; 

(S)« At diflbmnt times fifooi the Mttne altitude* 

iO. l>elbe ftlctbrnn md tihew how It tniiy be eitimated by • 
peiiment 
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HYDROSTATICS- 



THINITY COLLEGE, iMa 

1. Thb pnmsre of a fluid againit any imiface in a diiectkni 
perpendicolar to it^ Yarim at the ama d the tttrHKO ineltiiiliid mte 
the depth of its centre of gravity below the surface of the fluids 

2. A hollow oone without a bottom stands on a horizontal 
plane^ and water is poured in at the vertex* The weight of the 
cone being given^ how far may it be filled so as not to run out 
below? 

3. What must he the magnitude and point of application of a 
sin^e force that will support a sluice-gate in the shape of an inverted 
parabola ? 

4. Find th6 specific gravity of d body tthich U H^tef thani the 
fluid in which It is weighed. 

5. If the specific gravity of air be called m, that of water being 
1, and if IF be tbe weight of any body in air, attd fK'ilsw^tia 
water^ its weight in vacuo will be 




6. T htee globes of the same diameter and of given ^specific 
giravities^ are placed in the same straight line^ How must they be 
disposed that they may balance on the same point of the line in vacuo 
andiit watef? 

t. li a homogeneous hemisptiere^ floaiing in a duid, be sti^tly 
inclined from the position of equifibriuto ; shew tnat tie fliofnent of 
the fluid to restore it to that position, is iiot affected By pinxSnAg atiy 
aMlimialwei^itatkseMre. 

9. A fegokr tetrfetheAron moves With its veftex fbnnttds> in a 
JKm^ ^efpen^iifair t(^ lltf bste ; ccN^paie the teristaace ojfe the ob^ 
liqtie planes with that on the base. 
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9* If the particles of an elastic fluid repel each other with forces 
varying inversely as the fourth power of their distances^ the com- 
pressive force on any portion varies as (density)^. 

10. Explain the method of measuring altitudes by means of the 
barometer and thermometer. 

11. Two barometers, whose tubes are each / inches long, being 
imperfectly filled with tnercury, ietre. observed to stand at the heights 
k and k'y on one day^ and k and k' on another. Find the quantity of 
air left' in each^ reducing it to the dehsity when the mercury' iis at the 
standard altitude of 30 inches, and supposing the ten^ierature inva- 
riable. 

r 

12. Gmstruct a common forcmg pump ; and shew what is the 
force requisite to force the piston down. 

15. In the common sucking pump, given the lowest point to which 
the piston descends, find the length of the stroke that the pump may 
work. 

* • • • . 

14. A cylinder which floats upright in a fluid, is pressed down 
bdow the position of equilibrium : when it is left to itself, find, the 
time of its vertical oscillations, neglecting the resistance. • 

] 5. A vessel generated by the revolution of a portion of a semi- 
hyperbola round its conjugate axis, is emptied by an (nrifioe at the 
centre of the hyperbola : find the time. 

16. A close vessel is filled with air n times the density of atmo« 
spheric air. A smajl orifice being made, through which the air rushes 
into a vacuum, find the time elapsed when the density is diminished 
one half. 

17. A tube of uniform diameter consists of two vertical I^ con- 
nected by a horizontal branch. When it is made to revolve with a 
given velocity round one of its vertical 1^ as an axis, find the height 
to which the water will rise in the other. 



1 8. Let a spherical body descend in a fluid from rest ; havingigli 
the'diaineter of the sphere and its specific gravity relatively to thai of 
the fioid, it is required to assign the time in which the i^ere describes 
any given space. 



Cof/. 1821.] IN HYBR08TATIGS. 5/ 

1 9' If the detiflity of a laedium vary inyeniely as the distance ftom 
a centre, and the oesitripetal force inversely as any power of the dis- 
tance from the same centre^ a body may describe a logarithmic Bpnl 
about that point. 

20. If the resistance on a body which oscillates small ares, in a 
fluid vary as the n^ power of the velocity^ the difiexence of .the 
arcs of descent and ascent will vary as the n^ power of the whole 
arc. 



TRINITY COLLEGE, 1821. 

1. A GIVEN cylindrical vessel full of water, is taken to such a 

1 • 

depth beneath the earth's surface that the water sinks -th of an inch 

n 

round the edge, find the distance of the surface of ihe water from the 
earth's centre. 

r ■ 

2. Prove tha^the centres of pressure and of percussion coincide; 
and find the centre^ of pressure of a trapezium, two of whose sides are 
parallel to the surface of the fluid. 

3. If « be the specific gravity of a body, ascertained by weighing 
it in air and wate^> and m be the specific, gravity of the air at the time 
when the experiment was made ; the correct specific gravity, or that 
which would have been found if the body had been weighed in a 
vacuum instead of air, is « + 9ii(l — «)• 

4. A square is immersed in a fluid whose specific gravity is to that 

of the square as i to r ; shew that when one angle of the square is 

i mm e r sed there will be 12 diflerent positions of equilibrium if r lie 

8 9 

between — and -^ ; and when three angles are immersed, that there 
32 32 

23 -24 
will be 12 different positions when r lies between — and.— • 

5. In a floating body, whose transverse section is the same from 
one end to the other, find the distance of the Metacentre from the 
centre of gravity of the part immersed ; and shew that the equilL 
hrium is stable, or unstable, according as the metacentre lies above or 
bdow the centre of gravity of the body. 
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6. ProY6 tbat the velocity with which a fluid iames from a very 
small orifice in the bottom or Bide of a vesiel ii equal to that whidi 
a heavy body would acquis by falling from the level of the surfiuse, 
to the level of the orifice : and shew that this cannot be theoretically 
trac> unless the orifice be indefinitely smalL 

?• A sphere filled With three fluids whose specific gravities are as 
3, 2 and 1, the lighter resting on the heavier, and each of the same 
altitude, empties itself by a small orifice in the bottom ; required the 
whole time of emptying. 

8. If PAQ a dieular ate of 120^ move in a resisting medium in 
a direction perpendicular to the chord PQ, shew that the resbtance on 
the arc ia equal to the reautanos on the tnan|^e PAQ^ 

0. If the resistance vary as the velocity, and the force of gravity 
be constant, the times of describing all chords of a circle terminating 
in die extremity of a vertical diameter, are equal. 

10. What angle must a ship's course make with the direction of 
the wind, and what angle must her sails make with her course^ that 
tier motion in a direction opposite to the wind may be the greatest 
possible ? 

11. A conical tube of given dimensions partly filled with merctory, 
has its broad end immersed in a vessel of the same fluid, find the alti«> 
tude at which the mercury will stand in the tube. 

12. If gravity vary as j=r: — r;^, and the dennty of the dr 1)6 pro- 

ffxiioosl to the oompressing fbro% then if a series of distances be 
ttikttimieh that their invene (» -^ 1)^ powers are in arithmetical 
progressionj^the densities at those points will be in g^metric. 

13. Explain the constructions of an air-^pump and condenser. 

14. A body oicillating in a cycloid in a medium where the tealst« 
aaoe is proportional to the velocity^ has at its lowest points given 
vdocity ;. find the height to which it will ascend. 

15. If the force vary as KTT-and a body describe the reciprocal 
spiral, find the law of resistance, density, and telodtjr. 



Coll. 1826.] IN HYDROftTATIGS. W 

16. A netangalar twwI containing wtter^ k dr&wn along an hori- 
sontal ]^uie by means of a wmgjit which pastes o?er a fixed puUey ; 
find the poKtion of the fluid, and the pressuiieon any point of the side 
of the yesaal . , 



TRINITY COLLEGE, 1826. 

1. Explain the Hydrostatic paradox, and construct Bramah's 
Hydrostatic press. 

e. A paraboloid filled with fluid stands upon its bast, find the 
pccmm upwards against its surface. 

8. If a plane be immersed in a fluid, the pressure perpendicular to 
its surfiice is equal to the weight of a column of fluid, the base of 
which is the area of the plane, and the altitude of which is the per- 
pendicular depth of the centre of gravity. 

4. A prisnatic vessel fiiU of fluid, the section pei^dicula]* to 
the axis being an equilateral triangle, revolves round its axis with an 
uniform angular velocity ; find the pressure against the sidea of the 
prism, the fluid being supposed to be without weight. 

5. Prove the principle of virtual velocities in the case of the equi- 
librium of any number of forces acting on the surface of a^ incom- 
pressible fluid. 

6. Find the diameter of the sphere, which will empty itself in 
the same time as a cone, through an orifice in its base. 

7* Shew that t^ere may be six different positions of equilibrium 
in which an homogeneous triangle may float in a fluid, one angle at 
least being immersed. 

8. Determine the stability of a homogeneous rectangular parsd- 
lelopiped, floating on a fluid, in a position slightly indined from one 
of equilibrium. 

9. ABCD is a rectangular parallelogram, of which the side J.B 
is the gi:eatest ; it is required to cut ofi" from it such a triangle^ by 
drawing a line from it to a point In CD, that the redstance to the 
remaining trapezium moving in a fluid in the direction BC maj be a 
minimum. 
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10. Two barometers of the 'same given length .are;ixftpecfeiJy 
filled^ and the height of the mercury in each on two different days is 
observed; determine the quantity of air contained in eadi. 

1 1 • Describe the construction of the sucking pump ; find the height 
to which the water will rise after the first stroke^ and the conditions 
necessary for the pump to work. 

12. If p be the density^ and p the pressure, referred to an unit 
of surface, at any point of a fluid which is solicited by the farces 
X, Y, Zy in the directions of three' rectangular coordinates, prove 
that dp = p{Xdx + Ydy + Zdz). 

' 13. . From the last equation deduce the foUdwing condusions :. .(1) 
that the surface of an incompressible, unoonfined fluid in equilibrium, 
must be perpendicular to the resultant of the forces which ^act upon 
it ; (2) that each of its level strata must.be homogeneous throughout, 
but that the densities of the different strata may be altogether • arbi« 
trary. 

, 14. If the compressing force a (Density) *», and gravity pc Typr$* 

determine the pressure at any altitude, and the limit of the height of 
the atmosphere. 



TRINITY COLLEGE, May 1831. 

• ■ ' . • . . 

1. What is the principle of the transmission of fluid pressure ? 
How is its truth ascertained ? 

2. The pre^ure of a fluid downwards against the sides and bottom 
of any vessel is the weight of the fluid contained in it. 

. 3. The pressure of a fluid has no tendency to communicate lateral 
motion to a body immersed in it. 

4. Define the density and specific gravity of a substance, and give 
a method of determining the specific gravity of fluids. 

5. A piece* of wood in vacuo weighs 2 lbs., and when connected 
with a piece of metal (whose weight in vacuo is 3 lbs., and in water 
df lbs.), the weight of the compound mass in water is 1^ lb. : deter- 
mine the specific gravity of the wood and of the metal. 
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6. Det^tnine the centre of pressure of a ghren tmag^ pfaMoed 
with one of its sides p^ppendicnlar to the sur&ce of the fluid* 

7* A' given prismatic vessel is filled with water and covered with 
a lid moveable about an edge of the top as a hinge. If a given 
I»essure be applied at an orifice in the side of the vessel, required 
the weight sustained on the middle of the lid when there is an equi« 
librium. 

8. Prove the conditions of equilibrium of a floating body, and 
apply them to find those of a cone. 

9» Assuming the equation of equilibrium of fluids 

dp^ f{Xdx + Ydy + Zdz), 
determine the equation of condidon which must be satisfied for the 
equilibrium to be possible, and shew that it obtains when the fluid is 
acted (mrby forces tending to a fixed centre, which are ^xiJ fytnc^on 
of the distance, the density of the fluid being constant, or some 
function of the pressure. . 

10. If the pressure of the air vary as the density, and the force c£ 
gravity vary inversely as the square of the distance from the earth's 
centre; find the density at a given height. How does this hypothesis 
di£fer from that which really obtains in the earth'a atmosphere ? 

11. Determine the pressure referred to a unit of surfieu^ on any 
point. of an homogeneous aiid incompressible fluid in motion, the 
motion being steady, that is, always the same for every partide as it 
passes through the same point in space. Apply the genescal case 
to determine the pressure on a plane moving with. a given velod^ 
m a fluid in a horizontal direction, gravity being the only impressed 
force. 

12. Detennine the motion of a sphere descending in a fluid by the 
aedaiL of gravity, and the droumstances under which the body will, 
after describing a smaU space, move on very nearly unigmily. 

IS. Explain, the action of the common pump, and determine the 
relation between the. water raised by the n^ iand (n 4-1)^ strc^es of 
the piston.. If the piston do not descend to the fixed sucker at each 
Ktn^ shew in what case the water cannot be raised into the barrel 
of the pump at allc 



14» Two IbmilonieteKs are difierentlj grado^tedj one of them 
denotes two particular temperatureQ by (fi and b^, and ihe other by 
n^^ and V^f what will the latter indicate when the former indicates 

1 5. Explain the action of the syphon. 



TRINITY COLLEGE, Junk 1832. 

h State some of the experiments which prove that fluids press 
equally in all direotions. 

2, The vertical pressure on the surface of a vessel equals the 
weight of the supmncumbent fluids and the lateral pressures are 
equal and opposite. 

8. When the particles of a fluid mass are acted upon hj gtveii 
(brces, find the equation of equilibrium. . 

4. Explain what is meant by the centre of pressure; and when 
the side of a vessel is exposed to the action of a fluid of variable 
density^ determine ita co*ordinates. 

5. State and explain the conditions that are necessary and 8uffi« 
cient for the equilibrium of a floating body. 

Q. Explain the principle of the hydrostatic balance ; and when a 
body is weighed in air and water^ find its true weight and specifio 
gravity. 

7. Shew how to determine the heights of mountains by means 
of the barometer and thermometer. 

8. If a- given quantity of air be left in a barometer, detehmne 
the true from the apparent height of the mercury. 

9. When water issues out of a vessel through a small orifice in 
the base, explain popularly the form which the issuing fluid assumea 
a little above and below the orifice. 

10. Find the measure of the stability of a floating body. 

11. Explain the action of the hydraulic ram. 

12. An inverted hemisphere is filled with fluid whose density 
varies as the depths find the weight of the fluids and the position of 
the elementary zone which sustains the greatest pressure^ 



13* A current of air proceeding with a giren vdocitjr lH»ts 
against the surface of a hemispherical um^ella, find the force neoes« 
sarj to be exerted in the direction of the axis to preserve the equi« 
librium, the direction of the current being parallel to the axis. 

14. Find the position of a triangular prism floating in a fluid 
i^ith one of its angles immersed. 

15. A closed cylindrical vessel^ whose depth is equal to its 
diameter^ is ^ filled with fluids and placed upon an inclined plane ; 
how high may the plane be raised^ before the cylinder will . have a 
tendency to roll over its edge, all sliding being prevented ? 

l& If the elasticity of the air varied as the ■ tb power of 

the denaity, then would the height of the atmosphere be finite, and 
equal (m + 1) times the height of the homogeneous atmosphere 
nearly. 



St. JOHN'S COLLEGE, 1813, 

1 

1. A BODY resting between two fluids has — th part in the lowerj 

when it floats on one of them - th part is immersed. Compare the 
specific gravities of the fluids. 

2. A circle is just immersed vertically in a fluids draw that chord 
from the lowest point on which the pressure shall be the greatest. 

3. A tetrahedron moves in a fluid with its vertex foremost ; and 
again with its base foremost. Compare the resistances. 

4. The defects of the mercury in the gage of an air-pump, from 
the standard altitude, decrease in geometrical progression. 

5. One side of a vessel of fluid is an isosceles trian^e with its 
axis vertical, and it is retained in its place by fastenings at the 
angular points. Compare the pressures on them. 

& The fluid issuing from the side of a cylindrical vessel strikes 
the horiflontal plane in the point C« Compare the velocity with 
wbidi C moves on the horii^mtal plane with that of the descending 
surface* ...... 
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• 7. In the last qnestioii shew how the hanzonttl jdane must be 
graduated to form a dqMjdra. 

8. The density of the air at 7 miles altitude^ is ^th that at the 
surface. Having given the height of the mercury in a barometer 
at the top and bottom of a mountain^ to determine its height ; gravity 
hdng constant. 

9. A cylinder of fluid having a small orifice in itsbase^ is attached 
by a string passing over a fixed pulley^ to a weight so heavy diat its 
motion is not sensibly afiected by the weight of the cylinder of fluid. 
Find the time of emptying. 

10. A hollow cylinder of given length and closed at the upper 
end> is filled with air ; a weight bdng attached tp the open end^ it 
floats in a fluid at a given depth. Find how far it must be depressed 
below the surface to be again in equilibrium. 

11. The fluid in a vessel whose base is horizontal^ is acted on by 
gravity^ and also by a force tending to one of the sides^ which varies 
as the distance from the base. Find the curve the surface will 
take^ and determine whether the internal parts of the fluid can be 
quiescent. 

12. All horizontal sections of a vessel of fluid are semicircles, one 
side is a vertical plane, down the whole length of which there . is a 
narrow aperture of the form of an inverted trianglie. Find the 
nature of the plane' side, so that the velocity of the descending su]:fisice 
may vary as any ^ven power of the depth. 



St. JOHN'S COLLEGE, 1814. 

1. Give a definition of an elastic and non-elastic fluid, and also 
of the specific gravity of a body. 

2. The pressure of a fluid upon any surface immersed in it is 
equal to the weight of a cylindrical column of the fluid, whose base 
is the surface pressed, and altitude the perpendicular deptk of the 
centre of gravity of the surface pressed below the sur&ce of ' the 
fluid. Required a proof. 
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3. A given iectang^ is immened.vertically in a fluids having one 
ade coincident with the suifaoe. It is required to divide, it by a 
line parallel to the surface of the fluid into two parts, the pre^uures 
on which may be in a given ratio. 

4. A cylinder filled with water is placed upon a wall nine feet 
in height ; .at two feet from its base water spouts horizontally through 
a small orifice, and falls on a horizontal plane at the distance of four- 
teen feet from the walL Find the altitude of the cylinder. 

5. Having ^ven the quantity of air ( p) contained in the air- 
pump at first, it is required to determine after how many turns a 
given quantity (q) will be exhausted. 

& The greatest cylinder that can be cut out of a given paraboloid 
when excavated, is filled with water and placed with its axis verticil. 
Find the time in which it will empty itself through a small given 
orifice in its base. 

7. The altitude of an homogeneous atmosphere at any point is 
the same as at the surface of the earth, the temperature being the 
same. Required a proof. 

8. A solid rests in a fluid, the density of which varies as the 
deptlu Shew that at the depth of the centre of gravity of the body, 
the density of the fluid is the same as that of the solid. 

9* A piston weighing (p) pounds, closely fitting a vertical tube 
whose length is (b), diameter (d), and closed at the bottom, descends 
hy its weight. The barometer standing at (a) inches, and the air 
in the tube being at first in its natural state, find the distance of the 
piston from the top of the cylinder when it is at rest. 

10. Two vertical cylindric tubes of given diameters and altitudes, 
one of which is hermetically sealed and the other open at the top, 
are connected by a third which is horizontal and filled with water, 
80 that the air in the sealed branch mav be in its natural state. A 
column of water of the same base and altitude as the open tube being 
poured in, determine the space through which it will descend in 
that branch. 

11« Compare the quantities of water discharged in the same time 
hy two equal isosceles triangles cut in the side of a reservoir kept 
constantly full; the one having its base, the other its vertex upwards, 
and their summits cmndding with the surface of the fluid. 

[Supp. P. II.] p 
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12* Tvv^o cylmden of equal diameters and altitudes open at the 
top and haying their sides vertical are filled with water> and one of 
them is placed upon the other. A small orifice heing made in the 
base of each^ it is required to ascertain the time in which the lower 
cjlinder will be completely emptied. 



St. JOHN'S COLLEGE, 1815. 

1. Explain what is meant by specific gravity; and shew that 
if a body be immersed in a fluid of the same specific gravity with 
itself, it will remain at rest. 

2. Prove distinctly that if a prism, whose section is a scalene 
triangle, be immersed vertically in a fluid, the pressure of the fluid 
on its sides will not tend to give it any motion of rotation on its axis. 

3. Determine the thickness of a right-angled hollow cone of 
copper, which shall just float with its edge level with thp surface 
of the water, the specific gravity of copper being to that of water 
: : 9 • 1> ^nd the interior and exterior surfaces having a common 
base. 

4. The density of a fluid being supposed proportional to the depth 
below the surface, the centre of gravity of any solid sustained by it 
will rest at that depth where the density of the fluid is equal to the 
mean density of the solid. 

5. A cylinder of ^ the specific gravity of a fluid is suspended with 
its base touching the surface. Being suddenly dropped in, find how 
deep its upper surface will sink, and how long it will be in sinking. 

6. A barrel exhausts a receiver ; but, owing to some imperfection 
in its construction, a barrel full of common air is forced back after 
every stroke. Find the density of the air in the receiver after any 
number of strokes, and also after an infinite number. 

7. Find the velocity of a body let fall from any height, at any 
point of its motion (neglecting the resistance) ; the specific gravity 
of the body being to that of the air at the earth's surface lis: 1, 

8. Given the weight of a bottle when full of air, and when full 
of water, the weight (in air) of a solid introduced into it, and the 
weight of the bottle with the solid in it, when filled up with water. 



Determiiie ltt» the specific geavitjr («) of the fiolidf' negleoking the 
w^ht oftbe air; and Sndlj^find the oorrectioii to he added to < 
when this is taken into.ooi^siderationf the q^fio gravi^ of the air 
lit the time heing ». 

9» A kgarithmic spiral reyplves round an ^txis perpendicular to 
its plane, and pasAng through its pole. Compare the resbtance on 
the curve with the resistance on its greatest radius revolving with 
the same angular veldci^. 

10. A cylinder with a small hole in its ade revolves round • 
perpendicular axis> find the nature of the curve which the jet will 
trace out on the plane of its hasQ, the interior surface.of the cylinder 
being perfectly smooth. 

11. State the experiments hy which it appears that the PC's 
density is proportional to the compressing force^ and then shew that 
the repulsive force of the particles must be inversely as their dis« 
tanoes4 

12. Investigate the oscillati(m of two fluids of unequal specific 
gravities contained in a bent tube (which would balance each other 
when their common surface is at the lowest point)^ the e^uijibihua 
being disturbed* 

St. JOHN'S COLLEGE, Dec. 1816. 

1. Dbfinb a fluid. Shew how the specific gravity of a fluid 
may be found : and^ find the specific gravity of a solid by weighing 
it in a fluid specifically heavier than itself. 

2. Prove that if a solid be immersed in a fluid whose parts are 
octed on only by gravity^ the weight lost s weight of the fluid 
displaced. 

3. A spherical vessel is filled with water^ compare the pressure 
on its surface with the weight of the fluid, 

4. The lower end of a vertical tube^ sealed at top, is brought iti 
contact with the surface of a vessel of mercury. Given the receiver 
and barrel of a condenser under which the apparatus i^ placed, 
required the ascent of the mercury in the tube at each successive 
stroke of the condenser. . . 

f2 
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5. A cone wliose axis is vertical floats between two flaicb whose 
spedfic gravities are known^ and sinks to the depth of half its axis 
in the heavier. Required its spedfic gravity. 

6. From the top of a hoUow glass cylinder closed at hodi ends 
projects a small tube which bends downward. The cylinder is made 
to descend vertically in the sea by a weight attached to the bottom 
of it. When it reaches the bottom^ the weight is disengaged^ and 
the cylinder ascends. The quantity of water in the cylinder bdhg 
observed^ required the depth of the sea. 

7. A fluid mass is attracted to two centres of foroe^ the force to 
each of which varies as the distance. lUquired its figure when in 
equilihrio. 

8. Explam the construction^ and calculate the force ofj the 
hydrostatic press. 

9* Required the time of emptying any part of a regular vessel 
through a small rectangular slit cut in its side^ the velodty of efflux 
being supposed to vary as the \/(depth). 

10. The side of a vessel of water being loose^ required the pod* 
tion^ magnitude and direction of a single force that shall keep it at 
rest^ its figure being a semi-parabola with its axis vertical. 

11. Construct the common fire^ngine^ and shew the manner in 
which it act& 

12. Find the time of libration of water in a cydoidal canal^ and 
^w thai it is equal to the time of osdUation in the same cycloid, * 

St. JOHN'S COLLEGE, I8I9. 

1. Find the actual value of the spedfic gravity of a body whose 
weight and magnitude are given^ in the sdde in which that of water 
is unity. 

2. If a solid be immersed in a fluid, the whole wdght : weight 
Ipst : : spedfic gravity of the solid : spedfic gravity of the fluid. 

3: A spherical vessel is filled with water. Find the horijscmtal^ 
section of the fluid on which the pressure is the greatest. Find also, 
the actual value of thfe pressure, the whole weight of the fluid being 
given. 



4. A .parabola PA Q niovtis through a fluid in the directRm of> its 
axis RA : PR, RQ are normals Prove that the reastance on th^ 
mirve : resistance on base PNQ. : : sector RSNT : triangle RPQ, 

5. Shew how the diameter of a capillary tube may be found with 
great aecuracy. 

6. A cylindrical bucket floats on a fluid of the same specific 
gravity ai the materials of which it is formed : having given its 
lengthy the radii of the internal and external circumferences^ find the 
time of filling through a small given orifice at its base. 

7. A prismatic vessel stands on a horizontal plane ; it is^ required 
to make a small orifice at its side, so that the area of the parabola 
described by the issuing fluid may be the greatest possible* 

8. Having given the altitude of the mercury in the gauge of an 
air-pump and the capacities of the receiver and barrel: find the 
number of turns. - 

g, A conical vessel is fiUed with a fluid whose density varies ais 
the depth ; the pressure on the base being equal to that on the sides: 
&ad the vertical angle. 

10* In the last question, if the vessel be inverted and an aperture 
made in the base, find what portion of the fluid will escape. 

11. An elastic fluid whose specific gravity at the earth's surface 

is - th that of the air is put into a freely expansive balloon without 

wdght ; find the height to which it will ascend, supposing the com- 
pressing force on the air to vary as the square of the density, that dT 
the fluid as the 4th power, and gravity inversely as the square of the 
distance from the earth's centre. 



St. JOHN'S COLLEGE, Dbc. 1821. 

1. Definb specific gravity, and front the definition shew, that 
the. Weight of a body varies as its magnitude and specific gravity 
jointly ; then compare the specific gravities of gold and silver, sup* 
posing a cubic inch of gold to weigh 11 ounces, and a cubic foot of 
alver to weigh QdO pounds. 



2. Expliifi tbe eonstraetioa of a wheel liuoiiiettHr ; tnd find -tlie 
lioght of the mercury in a oonnnon harometer^ fopposiiig the iada 
of the vernier to he hetween 29*5 and 29*6 on the acde> and ilm 
diviBion 7 on the veniier to coincide with a division on the scale* 

3. A parallebgram and a triangle of the same base and altitod^ 
move in a iiuid with velodties which are as 2 : 3; They are incBned 
to the directions of their motions at angles of 45'' and 50" respectively. 
Compare the resistanoes on the planes in directions perpendicohr to 

them* 

4. In a cylinder which is three fourths filled with water; an 
hydrometer is observed to rest at a certain depth- Supposing the 
vessel filled up with finid of three times the specific gravity of water^ 
with what weight must the instrument be loaded to maike it sink to 
the same dqpth in the mixture ? 

5. A cylinder has some fluid in it Suppose from a change ef 
temperature the bulk of the fluid to be increased an n^ part ; what 
alteration will take place in the pressure on the sides and base t 

6. If a be the altitude of a column of water which the air would 
support^ m the greatest distance between the suck^ and the sur&ce 
of the watar^ the common pump cannot work unless the length of 

Ihe stroke be greater than -— . 

7. In a clepsydra^ where the surface of the fluid descends uni« 
formly^ the horiaontal sections are similar parabolas. Find the nature 
4>f the curve which is the locus of their vertices. 

8. A cone A and cylinder B of the same specific gravity^ base^ 
and altitude, balance each other at the extremities of a straight lever 
when immersed in a fluid of given specific gravity. Supposing a 
cone equal to A, cut out frcnn B, and its place supplied by another 
of half its specific gravity, find what part must be cut ofi* frotn A 
to restore the equilibrium. 

9. A paraboloid zesting on its base is hept constantly filled vidth 
fluid ; find at what pdint a very small orifice must be made that 
latus rectum of the parabola described by the issuing fluid ma^ 
half the latus rectum of the vessel 



CM. 18212.] in HTDROSTATICi. 7t 

10. Let a sphere descend in a fluid from rest ; find its velocity 
at any point of i^ descent^ having given the diameter of the sphere^ 
and the ratio of its specific gravity to that of the fluid ; and shew 
from the result^ that very small bodies descending in a fluid acquire 
(as to sense) their greatest velocities^ after descending through a 
small space. 

11. The barrels of an air pump communicate with the receiver 
of a oondenser which is of the same magnitude as that of the pump. 
The density of the air in the condenser is 3 times that in the pumpi 
which is in its natural state> and a barometer tube having the basin 
of mercury in the condenser^ has its upper end, which is open> in the 
pump. A piston of the same diameter as the tube^ and whose weight 
= the weight of a column of mercury of the standard altitude;^ is 
placed in the tube and sufiered to descend ; find its place when at 
rest at firsts and after 2 tums^ having given the standard altitude 
{a), the length of the tube (4a) and the ratio of either receiver to a 
barrel 3:1. 

12. ABC is the ude of a tetrahedron which is filled with fluids 
iD is a perpendicular from the vertex A on BC ; the part ABD is 
loose ; find the magnitude^ point of application^ and inclination to 
the horizon of a single force which will keep it at rest : Ist^ when 
the vessel rests on its base ; Snd, when it rests on its vertex ; the 
base in each case being horizontal. 

St. JOHN'S COLLEGE, Dec. 1822. 

1. Pnovs that the perpendicular altitudes of fluids sustained in 
Cerent tubes by the atmospheric pressure, are inversely proportional 
to their specific gravities. 

2. Compalce the specific gravities of two bodies, one of which 
weighs (10) lbs. in vacuo, and the other (5) lbs. in water ; the bulks 
of the two bodies being respectively 48 and 72 cubic inches, and the 
weight of ft cubic foot of water 1000 ounces. 

3. A tectaagokr paralletogmm being immersed vertically in a 
luid with one aide coincident with the upper surface ; it is required 
to divide it bf a Une> drawn from a given point in this side, into two 
such ports that the pressures on them shall be equal. 
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4. One fourth part of a cubical solid of given dimendons^ wbich 
floats on the surface of a fluid whose specific gravity is known» is 
removed by a section parallel to the upper surface^ when it is ftund 
to rest with the part extant equal to twice the part before immersed. 
Find the weight of the cube. 

5. Some air being left in the tube of a barometer^ the mercury 
stands at the distance (a^) below the standard altitude ; but ihe basm 
being placed in the receiver of a condenser, it is found, after (n) 
tums^ to rise to the distance (a^) above the standard altitude. Sup- 
posing the capacity of the receiver to be (p) times as great as that 
of the barrel of the condenser, shew how the two altitudes of the 
mercury may be determhied. 

6. Compare the perpendicular resistances on the sides of a wedge 
moving uniformly through a fluid in a direction perpendicular to 
the back, the sides being inclined to the back at 45^ and 6(f respect- 
ively. 

7* Having given the law according to which the particles of an 
elastic fluid repel one another, determine to what root or power of 
the density, the compressing force is proportional. 

8. Prove that the time in which a paraboloid, placed with its 
axis vertical, will empty itself through a small orifice in it*s base, 
is to that in which the greatest cylinder which can be cut out of the 
paraboloid will empty itself through the same orifice : : 4 /s/2 ; 3. 

9* Shew how to find the quantity of fluid discharged in any 
assigned time, through a vertical orifice of any given form and dimen- 
«ions, supposing the vessel to be always kept filled up to the same 
point : and apply your method to the case where the orifice is 
triangular. 

10. A spherical buoy of given weight and dimensions floats on 

the surface of stagnant water, with - th part of its vertical radius 

below the level of the surface ; but when attached to the bottom of 
a running stream, whose depth is known, by a string of given length, 
it is observed to be just half immersed. Neglecting the weight of 
the strings it is required to determine from hence the velocity of the 
stream* 
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St. JOHN'S COLLEGE, Dec. 1823. 

1. Pftov]; that particles at the same perpendicular depth are 
equally pressed. 

3. Explain the phenomenon of intermitting springs on hydro- 
statical principles. 

3. If a spherical vessel is emptied by a hde at the lowest point, 
find two horixontal sections, equidistant from the centre, where the 
▼dodties of the descending surface are in a given ratio. 

4. Given the weights of a body in air, corresponding to the 
Idghts of the barometer h and h^ ; find the weight corresponding to 
a height A^ 

5. Air, whatever be its density, will rush through a small orifice 
mto a vacuum with the same velocity. 

6. If an isosceles triangle be immersed in a fluid with* its base 
horizontal, and vertex coinciding with the surface of the fluid, how 
far must the one side be produced so that joining its extremity with 
that of the other side the pressure on the whole triangle thus formed 
may be double that on the isosceles triangle ? 

7. If two holes be made in the side of a prismatical vessel of 
water at one half and one third the depth, find where the effluent 
streams wiU intersect 

8. A cylinder of known density and magnitude, floats with its 
axis vertical in a vessel of water placed under a condenser; after how 
many depressions of the piston will it be elevated by a given quan- 
tity? 

9. At what angle must a plane be inclined to a fluid, so that thd 
excess of the resistance in the direction of the stream above that 
which is perpendicular to it, may be a maximum ? 

10. A portion of the receiver of an air pump is a plane valv6 
opening inwards and kept in its place by a spring acting with a pres- 
sure p, less than that of the atmosphere; after how many turns 
will the external air q>en Uie valve? 
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11. How much must the breadth of a reptangle> xevolving in a 
fluid round its longer side^ be increased, so that the xedstance to itt 
motion may be the same as when it revolved round its shorter side? 

VZ, A parallelopiped with its sides vertical has one nde loose 
which revolves round a hinge at the bottom, and is kept in its pan* 
tion by a given pressure at a given point ; how high may the vessel 
be filled with fluid before the side will be forced open ? ^ 

St. JOHN'S COLLEGE, May 1825. 

1. If a solid be immersed in one or more fluids acted on by giavi^i 

investigate the conditions of equilibrium. 

2. Construct Bramah's press ; and determine the requisite thidc- 
ncss and strength of the cylinders to resist a pressure of (p) pounds 
per square inch. 

3. A sphere filled with water is divided by a vertical plane into 
two hemispheres. Required the position and magnitude of the lateral 
forces which shall just prevent their separation. 

4* Explain the construction and use of Nicholson's hydrometer; 
and investigate a formula by which it may serve as a barometer. 

5. R^uired the density of the densest fluid in which a paraboloid 
pf given weight and magnitude can float permanently with its aids 
^vertical. , 

6. A mass is observed to detach itself from a floating spherical 
iceberg, which begins in consequence to oscillate slowly. The time 
of these oscillations being noted and the weight of the mass asoer- 
tained, determine the weight of the berg. 

7. Prove by theory that the velocity at the orifice equal that due 
to half its depth. Why must the orifice be small? Does this pio^ 
position apply to the case of elastic fluids? 

8. If i^' SB time of emptying an upright cylitidrioal vessel, tha 
quantity discharged in t'' when the vessel is kept oonstantly full 
equals twice the content of the vessel. 

. 9« A cylinder of fluid is placed vertically on a table whose alti* 
tuda equals that of the cylinder. An orifice is made in the lowest 
point through which the fluid spouts horieoxM^liiy, and i» i^^"^ 



into (ft) equal vettels pkeed on the horizontal plane. Required the 
ntb of the quantities diachai^ed into each vessel. 

10. A paraboloid of given dimensions filled with air has water 
forced into it till it is half full. Required the time of emptying 
through an orifice in the vertex. 

n. Compare the resistance on the arc of a cycloid n^ovlng in the 
direction of its axis with the resistance on the same arc moving in 
the direction of its base. 

12. Explain the construction of the flying bridge^ and compare 
the rekxitj of the stream with that of the boat when set at the best 
angle for crossing the river. 

IS. If a cube of clastic fluid be compressed into another cube 
whose side I side of the former Hull; compare the whole pres. 
sure on a side of these cubes. 

14.^ Shew that the quantities of air which issue from a vessel of 
condensed air into a vacuum in equal times decrease in geometric pro- 
portion. 

15. Explain what is meant by an homogeneous atmosphere; finfl 
its hdgbty and prove it to be the same at all altitudes, gravity being 
supposed <»n8tant. 

l(iL Explain the principle and construction of the steam-engine^ 
and mention the improvements introduced by Watt. 

17* A cup when nearly full of water stands vertically ; but when 
a little inclined the whole runs out. Shew how this may be effected. 

18. Determine the conditions of equilibrium in the screw of 
Archimedes. 

19. A body acted on by gravity describes a Semi-circle. Investi- 
gate tihe law of resistance and velocity. {Nefhton, Prop. 10* Vol. II.) 

M, Find the times (^ vibration df a musical string. 



St. JOHN'S COLLEGE, Dufc. 1825. 

1. Ths perpendieular altitudes of fluids communicating thiougb 
abimttttlje'Vttiy bvttajdyasdieitqpeoifiegn^^ 



79 EXAMINATION FAFJIRS XSt^ fldhi'^ 

^. Two masses of given spedfic gravities baknoe wben suq^ended 
from the equal arms of a lever in a known fluid ; what is the qpedfic 
gravity of the ^uid in which they balance when one of the masses is 
doubled ? 

3. The velocity of the water issuing from an orifice^ is three times 
greater than when the pressure of the air is removed from the upper 
surface of the fluid ; what is the depth of the oriflce ? 

4. Explain the use of the spirit levels and find the conection in 
levelling due to the spherical shape of the earth. 

5. A right-angled triangle moves in a fluid in a direction perpen- 
dicular to its hypothenuse, and the resistances on the sides in the 
direction of the motion are as 9 • 1 ; find the angles of the trian^e. 

6. A vessel full of fluid in the form of a rectangular parallelopiped 
stands upright on a honzontal platie ; where must an orifice of given 
dimensions be made> so that the vessel may be overturned ? ' and what 
is the least height of the vessel for which the problem is possible ? 

7. Investigate the figure in which the centre of pressure is situated 
at the depth of two-thirds of the axis^ when the vertex coincides with 
the surface of the fluid. 

8. Compare the quantities of air exhausted in 2^ turns by an air 
pump with a barrel B with that exhausted in / turns by a^pump with 
a barrel 2 B, the receivers in each case bein^ equal; and shew that 
short barrels exhaust more rapidly than long ones of the same diameter 
when the pistons move at the same rate. 

9. A barometer suspended by its upper extremity fipom the arm of 
a balance will support a weight = the weight of the tube + the 
weight of the mercury sustained in it^ nearly. 

10. The jet of a fountain terminates in a right cone pierced with 
holes, the axis of which is vertical^ and so small compared with the 
height of the reservoir, that the fluid may be supposed to issue with 
the same velocity ; shew that the surfiuse of the issuing fluid wiQ be 
bounded by a similar cone, and find its vertex. 

11. A cylinder closed at both ends is divided into two unequal 
compartments by rectangular planes which are terminated by the axis 
and the surface of the cylinder; if one of these planes is fixed imd 
ibe other which is of given weighs admits of being tupe;^^ round th^ 
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aids of tlie cylinder, finad the greatest velodty it can acquire when tiie 
two compartments are filled with air of given densities, 

12. Explain what the Metaoentre is^ and find it in a cylinder 
wUch floats with its axid vertical. 



St. JOHN'S COLLEGE, Dec. 1826. 

1. Define specific gravity, and shew how the specific gravity of 
cork may be determined. 

2. A given parabolic arc moves in a fluid in a direction perpien* 
(liealar to its axis* Compare the resistance on the arc with that on 
its chord* 

5. An oblate spheroid filled with fluids the density of which varies 
as the depth, is placed with its major axis vertical. Find that hori- 
zontal section which sustains the greatest pressure, and determine also 
tlie actual pressure on that section. 

4. An n^ part of a given cylindrical tube being filled with com- 
mon air, find how much mercury must be poured in' at the top so as 
just to fill the tube. 

5, Given the degree of temperature in one thermometer, find- 
cjenemUy the corresponding degree in another which is differently 
graduated. 

.6. Compare the resistance on a semi-parabola revolving in a fluid 
round a tangent at its vertex with the resistance when it revolves 
round its axis. 

7. A spherical vessel filled with fluid revolves round a diameter ^ 
with a given angular velocity, and the pressure on the internal sur- 
face : whole weight of the fluid : : n .* 1 ; required the content of 
the vessel. 

8. One side of a vessel filled with fluid is a trapezium, with two 
of its sides horizontal, and the remaining two equal. Supposing this 
^ept in its place by fastenings at the ai^ular points, compare the 
pressures at those points. 

9* A paraboloid floats on a fluid of nine times its specific gravity, 
with its axis vertical and vertex downwards. Shew that wh^n the' 
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equilibnum is that of indifferenoe^ die lengdi of the ads : ktii 
rectum : : 3* : 9,\ 

10, Two equal sendcycloidal tubes are plaoed with their axeiin 
the same horizontal line^ and their bases coincident. One of tkii 
being filled with fluid which oscillates in the tubes, it is required to 
determine its velocity in any position^ and also its maximum value. 

11, Compare the effect produced by one stroke of a piston^ wlien 
the steam is admitted into the cylinder during the w&ole insBmiy 
with that which would be produced if it were admitted for an s* 
part of the descent. 

12, A cut is made in the side of a vessel filled with flnid^ tlie 
density of which varies as the depths in the shape of a triangle witb 
its base coincident with the surface. Supposing this loos^ and to 
revolve round its base which is known^ find its altitude, so that s 
given force applied at its vertex may keep it at rest 



St. JOHN'S COLLEGE, D«a 1829. 

1. The resultant of the pressures of a fluid on a solid immersed 
in it, is equal to the weight of the fluid displaced, and acts upwards 
in a vertical passing through the centre of gravity of the fluid db> 
placed. 

2. A ship on sailing into a river sinks 2 inches, and after dis- 
charging 12,000lbs. of her cargo rises one inch ; find the weight of 
the ship and cargo. {^SG sea water) -r {SG fresh water) = 1*026. 

3. Find the positions of equilibrium of two equal slender rods 
forming a right angle floating in a vertical plane, with the angle 
immersed. 

4. Find the metacentre of a solid cone : and also of a hollow cone 
partly filled with the fluid in which it floats. 

5. A hollow vertical prism just filled with heavy incompressihle 
fluid revolves round one edge with a given angular velocity : find the- 
centre of pressure on the base, which is an isosceles right-angled 
triangle with one of its equal angles in the axis of revolution. 
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& A weathercock is formed of two unequal rmen making a given 
angle with each other, and moveable about their common intersect 
tion: find the angle between either vane and the direction of the 
wind. 

%. Find ihe depth of a mine by means of a barometer, the tern* 
perature being uniform throughout. 

8. Find the tension of the rope, by which a diving bell is sus- 
pended, at any depth below the surface. 

9. A barometer tube filled with mercury, and closed by the finger 
at the open end, is inverted in a cup of mercury : determine the 
motion of the upper end of the mercurial column, after the finger 
is removed. 

10. Find the least angular velocity of the moveable board of a 
beUows, that will enable the valve to open. 

11. Find the terminal velocity of a ball of ivory descending in 
water. 

Diameter of the ball 6 inches, (^SG ivory) -r {SG water) = 1*825, 

12. Determine the form of the film of water elevated by capillary 
attraction between the surfaces of two convex lenses touching each 
other, and having the centres of their contiguous surfaces in the un-* 
disturbed surface of the water. 

13. A thermometer open at the top, contains 1,200 grains of mer. 
cury at 32°, on being exposed to a higher temperature 3*12 grains of 
mercury are expelled : find the temperature. The expansion of mer- 
cury in volume from 32° to 212* being 0*018, and the linear expan- 
sion of glass between the same points 0*0008. 

14. In De Lisle's thermometer the boiling point is marked 0°, 
and the freezing point 150° : 

What degree of Fahrenheit's corresponds to 138° of De Lisle's ? 

St. JOHN'S COLLEGE, May 1831. 

1. From the principle that when a mass of fluid is in equilibrium, 
its state of rest is not altered by supposing any portion of it to be- 
come solid, deduce the equality of the pressure of fluid in all direc- 
tions. 
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2. Find tbe pressure at any point in a mass of fluid, at rett, and 
acted upon by gravity. How is the pressure estimated, when it it 
said to be equal to gpz, g being the force of gravity, z the depth 
below the surface, and f the density ? 

3. The pressure on any surface immersed in a fluid is equal to 
the weight of a column of fluid whose base is equal to the surAoe 
pressed, and altitude the perpendicular depth of its centre of gravity. 

4. Describe the common thermometer, and shew how it may be 
filled, and graduated* Also shew how the scales of two di£brently 
graduated thermometers may be compared. 

5. Explain the construction and use of the Hydrostatic press; 
and find the pressure produced by a given force. 

& In the common pump, find the tension of the rod correspond- 
ing to a given position of the ascending column ; also find the height 
through which the water rises each time the piston ascends ; and the 
least range of the piston that will enable the pump to produce its full 
efiect. 

7- Define specific gravity; shew how to compare the specific 
gravities of air and water ; also compare the specific gravities of any 
solid and a fluid, by weighing the solid in air, and in the fluid; 
taking into account the weight of the air displaced by the solid. 

8. Describe Smeaton's air pump ; point out the advantages of its 
construction ; find the density of the air in the receiver after any 
number of ascents of the piston. Explain the Syphon guage. 

9. Find the diflereuce of altitudes of two stations by means of the 
barometer ; obtain a formula for the caSe where the difference ia so 
small, that the variation of gravity may be neglected. 

10. Find the velocity with which an incompressible fluid, acted 
on by gravity, issues through an indefinitely small orifice in the 
vessel containing it ; also find the time of emptying the vesseL 

1 1 . Explain what is meant by the resistance of a fluid on a solid 
moving in it. When a stream impinges obliquely on a plane, find 
the force with which the stream impels the plane, estimated in tbe 
direction of the stream, and in a direction perpendicular to it. 
Find the resistance on a solid of revolution moving in the direction 
of its axis. 
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12. Find the pressure at any point in a mass of fluid at rest 
acted on by any forces; and the relation that 'must exist among the 
forces in order that the equilibrium may be possible. 

13. Find the velocity with which an incompressible fluids acted 
on by gravity^ issues through a finite orifice in the horusontal base 
pf the vessel in which it is contained. 



St. JOHN'S COLLEGE, Dec. XSSI. 

1. Find that part of the pressure of a fluid on any surface, which 
acts in a directbn perpendicular to a given vertical plane. 

2. Find the weight of a stone which when tied to a block of wood, 
will just cause it to sink in water, the weight of the wood being 523 
ounces, S. G wood : S, G water = 0*596, S. G stone : S,G water 

= 2-6. 

3. A piece of glass appears to weigh 732*6' grains, when the tem- 
perature of the air is 0^, and its pressure equal to that of a column 
of mercury 30 inches high. How much will it appear to weigh, at 
the same temperature, when the pressure of the air is equal to that 
of a column of mercury 28 inches high ? The weights are made of 
platina. S. G platina : S. G water = 21. iS. G glass : S. G water = 2*4. 
S.G air : S.G water =r 00013, (thermometer 0», barometer 29*92 
inches). 

4. Find the centre of pressure of an equilateral triangle having one 
ode vertical, and one angle in the surface of the fluid. 

5. Find the difierence between the vertical pressures on the inner 
and outer surfaces of a diving bell. 

6. Find the angle between the gates of a lock, when the pressure 
of their edges against each other is a minimum. 

7. The base of a homogeneous pyramid is an equilateral triangle, 
its faces are isosceles right-angled triangles. 

(1). Find the positions in which it can float with its vertex 
immersed. 

(2). Find the inclination of its base to the surface of the fluid, 
when a very small weight is placed upon one of the angles 
of its base, the base of the pyramid being originally horizontal. 

[Supp. P. n.] o 
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(3). Find the density of the heaviest fluid in which it can 
float permanently with its bas« horizontal. 

8. A hollow sphere is immersed in fluid till the plane of the sur- 
face of the fluid passes through the centre of the sphere. And the place 
of an oriflce such that the altitude of the highest part of the jet issumg 
through it may he a minimum. 

9. Fluid is forced into a vertical hollow cylinder till the pressure 
on its base is equal to twice the pressure on its upper end ; the cylinder 
is then made to revolve round a vertical axis in its surface ; And the 
pressure on the concave surface of the cylinder. 

10. A copper wire the diameter of which is -^ inch, will just 
support 191 pounds without breaking; find the greatest pressure (es- 
timated by the pressure on a square inch) that can be applied to a fluU 
contained in a hollow prolate spheroid of copper^ the semi-axes of 
which are 4 and 6 inches, and thickness -j-J^y inch, without bursting 
the spheroid. 

11. When two people A and B descend to the bottom of a lake, 
in a cylindrical diving bell, tlie water within the bell is obierved to 
stand one inch lower than when A alone descends, the pressure of the 
atmosphere is equal to the pressure of a column of water 34>feet high, 
the diameter of the bell is 4* feet, and the surface of the water within 
it, at the bottom of the lake, is 20 feet below the surface of the lake ; 
And the volume of J5. 

12. Having given the area and velocity of the paddles of a 
steam boat, and the tension of a rope by which it is towed at a 
given rate, find the velocity of the boat when propelled by its pad« 
dles. 



St. JOHN'S COLLEGE, May 1832. 

1. Define the weight, mass, volume, specific gravity and density 
of a body, and find the relations existing between them. 

2. The common surface of two fluids that do not mix is a hori* 
2ontal plane. 

3. Find the vertical pressur<^ of a fluid on any surface. 
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4. The pressure of the air at a given temperature varies inversely 
as the space it occupies. 

5. Find the difference of the altitudes of two stations by means 
of the barometer. 

6. Find the velocity with which an incompressible fluid acted on 
by gravity issues through an indefinitely small orifice in the vessel 
containing it. 

7. Find the force with which a stream impels a plane, 1st. when 
the plane is perpendicular to the direction of the stream, and 2ndly., 
when situated obliquely to it. 

8. Explain the method of filling and graduating a thermometer ; 
and find the number of degrees of the centigrade, corresponding to 60' 
of Fahrenheit's thermometer. 

9. Describe Nicholson's hydrometer ; and by means of it, compare 
the specific gravities of a solid and fluid, or of two fluids. 

10. Find the time of emptying a vessel through a very small 
orifice. 

11« Find the metacentre of a cone floating with its axis vertical. 

12. Describe Watt's steam engine. 

IS. Determine the pressure at any point in a mass of fluid at rest 
acted on by any forces. 



CAIUS COLLEGE, May 1830. 

1. Define a fluid, and explain what is meant by the equal dis- 
tribution of pressure. 

2. The altitudes of two heavy homogeneous fluids in communi-^ 
eating vessels, measured from their common surface, are inversely as 
their specific gravities. 

3. A plane area is immersed in a heavy fluid in a position inclined 
to the horizon, find the co-ordinates of the centre of pressure, and 
shew that that point is lower than the centre of gravity. 

4. Find the positions of equilibrium of a triangular prism floating 
in a heavy fluid. 

o 2 
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5. Investigate the equation for the equilibrium of a fliud^ eadi of 
the molecules of which are acted on by given accelerating forces: 
(what is to be inferred if Xdx + Ydy + Zdz be not a complete £f« 
ferential ?) 

6*. Determine the whole pressure on a paraboloid containing a 
heavy fluid revolving uniformly round its axis. 

7* Find the time of emptying a vessel through a very small 
orificej (l)'into vacuo^ (2) into another vessel communicating widi 
the former by this orifice and having its base on a level with the 
orifice* 

8. Describe the hydrostatic balance and the diving bell ; find the 
height of the water in the bell at a given depth below the sur&ce of 
the fiuid. 

9. Find the length of the hydrophorous arc in the screw of 
Archimedes. 

10. Determine the resistance on the surface of a sphere moving 
through a homogeneous fiuid. 

1 1. Find in general the metacentre and stability of a floating 
body. 

12. Investigate a formula for measuring heights by the barometer 
and thermometer. 

13. Determine the motion of a heavy fiuid through any orifice, 
supposing the sections of the fiuid to preserve their parallelism while 
descending. 

14. Find the time of the small oscillations of a heavy fiuid in a 
narrow circular tube. 

15. Investigate the equations which express the continuity of an 
incompressible fiuid mass in motion^ and the permanence of the density 
of its molecules. 



CAIUS COLLEGE, May 1831. 

1. Shew how the property of equal distribution of pressure is 
proved to belong to fiuids. 
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2. Any horizontal section being made of a vessel containing 
{laid of variable density; the density throughout that section is 
uniform. 

S. If a mixture be made of two substances, first in equal quan- 

titiesj and next in equal weights, the specific gravities of the mixtures 

may be found, and they will be, in the first case an arithmetic mean, 

in the second, a harmonic mean between the specific gravities of the 

ample substances. 

4f. A semicircular tube is filled with equal quantities of fluid of 
given specific gravities ; what quantity of the lighter fluid will be ex- 
pelled before the equilibrium is established ? 

5. A vessel in the shape of a truncated paraboloid is filled with 
water and placed on its two ends successively, supposing the' base in 
each case to be moveable ; compare the pressures necessary to be ap- 
plied in each case to sustain the base. 

6. Determine the general expressions for the co-ordinates of the 
centre of pressure ; and apply them to determine that point in a semi- 
ellipse, having its vertex in the surface of the fluid. 

7. Determine the conditions of equilibrium of a floating body. 

8. A cone of given dimensions and weight is immersed in water, 
a certain small weight is added ; find the depth the cone sinks, and the 
time of its oscillation when that weight is removed. 

% Describe the manner of ascertaining the specific gravity of a 
»lid, by Nicholson's hydrometer. 

10. Find the equation to the surface which a fluid assumes when 
acted upon by any forces ; and thence determine the nature of the 
surface of the water in a cylindrical vessel revolving with a given 
angular velocity. 

11. The density of the air decreases in geometric proportion, 
tWugh equal small increments of altitude. Show this, and determine 
the correction for the variation of temperature. 

12. A hollow cone is filled with equal quantities of two given 
floids .which do not mix ; compare the times in which each fluid passes 
through an orifice in the vertex* 
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13. A plane is inclined to the direction of a stream at an angle f ; 
tind the resistance to its motion in a direction perpendicular to that of 

the stream. 

1 4. Find the density of the air^ in the receiver of an air pmnpf 
after a given number of turns, by observation on the gage* 

15. A certain degree of temperature in one thermometer is to he 
reduced to an equivalent degree in another of different graduation? 
Investigate a method for effecting this. 

1 G. Explain the principle of the barometer, and investigate an 
equation for determining the heights of the mercury, when the haro- 
meter is not entirely free from air ; the law of repulsion in the par« 

tides of air being —• 

17* In the common pump, find the height to which the water will 
rise after a given number of descents of the piston. 



CAIUS COLLEGE, June 1832. 

1. FiNii the general equation of equilibrium of any fluid. 

In heterogeneous fluids sliew that the density is uniform throughout 
all surfaces of equal pressure. 

Prove that the resultant of the forces at any point in the external 
surface of a fluid at rest is in the direction of a liormal at that 
point. 

2. If a vessel coutain any number of fluids which do not mix, the 
common surface of every two will be horizontal* 

3. Find the pressure on a plane immersed in a fluid which is acted 
on only by gravity. 

Find the pressure on a semi-parabola immersed vertically with the 
angular point coincident with the surface, and the axis making an angle 
of 45« with it. 

4. Investigate the conditions of equilibrium when a body floats on 
a fluid. 

If the body be preissed downwards through a veiy small space and 
then let go^ determine the motion* 
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5. If the elastic force of air be proportional to its deDsity, prove 
ikt the atmosj^erc must be of infinite extent. 

How is the density afiected by the temperature } 

6. Find the time in which a vessel will be emptied through a 
given small orifice. 

A cone is filled with equal weights of two given fluids which do 
not mix; find the time in which it will be emptied through a small 
(vifioe in the vertex. 

7* Explain the action of the steam engine. 

8. Account for the phenomena of the trade winds. 

9. A uniform rod vibrates in a fluid of which the resistance varies 
as the velocity ; find the time of a small oscillation. 

10. If X, If, z, be the co-ordinates of a particle in a mass of in- 
compressible fluid at any time t, and u, v, iv be its velocities in the 
direction of the co-ordinates at that time ; then if 

udx + vdy + wdz = d^, 

Does this equation occur in any other investigation ? 

11. If a column of air be confined in a slender cylindrical tube» 
ind the motion of the particles be very small> deduce the equations 

« = jP(a; — at) +/(ar + at), as = F{x — at) --fix + at) 

where x is the distance of a small portion from a fixed origin at the 
end of the time ^, 1 + * its density, the mean density being 1, and 
the pressure =ia^ "X density. 

Taking the particular value v = F{x — at) = as, prove that 
the velocity with which the motion is propagated is equal to that 
acquired by faUing through half the height of the homogeneous at^ 
mosphere* 

QUEEN'S COLLEGE, 1825. 

1. Compare the pressure on the surface of a sphere filled with 
water with the weight of a sphere of mercury of the same magni- 
tude. 
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2. A pieoe of wood weighs 12 lbs., and when annexed to 20 lbs. 
of lead and immersed in water^ the whole weighs 8 lbs. ; required the 
specific gravity of the wood^ that of lead being eleven times that of 

water. 

* 

3* The resistance to a cube moving in a fluid in the direction of 
its diagonal : resistance to the same cube moving in a direction per- 
pendicular to its side : : 1 : v^* 

4. The orifices in the equal bases of two upright prismatic vesseht 
are in the ratio of 2 : 1^ and the vessels are emptied in equal times ; 
compare their altitudes. 

5. A solid of revolution whose axis is perpendicular to the horizon 
empties itself by a small given orifice in its lowest part ; required its 
nature^ when the velocity of the descending surface varies inversely 
as the ordinate of the generating figure. 

6. If the compressive force of the atmosphere varies as the loga* 
rithm of the density^ and the density varies inversely as the distance; 
required the law of the force of gravity, 

7* In a condenser^ if the capacity of the receiver is 80 times 
that of the barrel, and the gage is 60 inches in length ; what part of 
it will be left free from mercury after 20 strokes of the piston ? 

8. It was observed that whilst a cylinder of known dimensions 
discharged § rds of its contents of water, a pendulum made 125 oscil* 
lations ; required the length of the pendulum. 



QUEEN'S COLLEGE, May 1831. 

1. If* three fluids, whose magnitudes are as 3, 4, 5, and spedik 
gravities as 2, 3, 4, be mixed together, required the specific gravity of 
the compound. 

2. A cubical vessel is fiUed with fluid of given specific gravity* 
find the pressure on its sides* 

3. If a given hemisphere containing fluid be whirled round 
Its axis with a given angular velocity and acted on by gravity; 
compare the pressure on its siuface with that when the hemisphere is 
atrest« 
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4. A hollow cone of given density just floats in a fluid of given 
^edfic gravity with its vertex downwards, And the thickness. 

5. Required the greatest density of a fluid in which a given cone 
will rest in equilihrium of .indifference. 

6. If a parahobid with its base downwards and constantly full of 
flnid be bored with innumerable holes perpendicular to its surface^ re* 
qtiired the surface which will bound the issuing fluid. 

7* Show that the small oscillations of a fluid in a circular tube are 
isochronous. 



QUEEN'S COLLEGE, 1832. 

1. If die weights of two fluids be 40, the sum of their magnitudes 
15, and their specific gravities 2, 3 : required the magnitudes. 

2« A parallelogram is immersed vertically in a fluid with one side 
OHnciding with its surface, find the centre of pressure. 

3. Determine the time in which a cone filled with fluid with its 
axis parallel to the horizon, will empty itself through a small orifice at 
the lowest point of its base. 

4. A cone is immersed in a fluid with its axis vertical and vertex 
downwards; shew that the distance of the metacentre from the 
centre of gravity of the displaced fluid varies as depth of vertex frota 

5. If a body acted on by gravity be projected in a given direction 
and with a given velocity, in a uniform medium, of which the resistancie 
varies as velocity, then the vertical space fallen through by the body 
which is due to the resistance a (abs.)^ nearly. 

6. A hollow triangular prism is filled with fluid and revolves round 
otie of its edges which is vertical with the angular velocity a ; required 
the pDeasure on each of its sides. 
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CORPUS CHRISTI COLLEGE, Junb 1832. 

Third Year. 

1. Explain the meaning and extent of the principle which is 
usually stated thus : '' fluids press equally in all directions/' and how 
is the principle estahlished ? 

2. Define the terms " specific gravity" and " density." 

3. Shew that the common surface of two fluids which do not mix 
is a horizontal plane. 

4. What mechanical conditions must he satisfied that a solid may 
rest in a fluid ; and how are they estahlished ? 

5. How would you determine the nature of the equilibrium of a 
solid floating in a fluid ? Shew how the position of the metacentre 
may be found. (Be particular in stating the kind of displacement you 
are investigating.) 

6. Investigate the general equation which must be satisfied that a 
mass of fluid, acted upon by any forces, may be in equilibrium^ and 
shew from the results of analysis that you would not expect the at- 
mosphere near the earth's surface to be at rest. 

7. Required the force with which a stream impels a plane, the 
plane being perpendicular to the direction of the stream. State also 
the particular suppositions which are made in the usual theory of re- 
sistances, and why the results of such a theory and experiment should 
not be expected to coincide very exactly. I believe the results diiBer in 
proportion as the velocity increases. Can you shew any reason why 
this might be expected } 

8. Explain the construction of the hydraulic ram and Bramah's 
press. 

9k If a fluid of any kind be moving in such a manner that at the 
same point of space the velocity is always the same both in quantity 
and direction, and X, F, Z arc the forces impressed on any point 
whose co-ordinates are x, y, z, shew that 

~ =5 Xdx + Ydif + Zdz — I'rft'. 
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10. A given rectangular parallelogram i& immersed in a fluid of 
given specific gravity witb one comer coincident with the surface of 
the fluid and its side inclined at a given angle to the sur&ce ; find the 
position of the centre of pressure. 

11. A given ^mraboloid is floating in a fluid of given specific gra« 
vity when the equilibrium is slightly deranged : define the motion 
which will ensue. (Be particular in stating the exact kind of motion 
you intend to investigate.) 

12. The consideration of the motion of a slender column of 
air, influenced only by its own elasticity, gives rise to the equation 

, — a^ — where v = velocity of a particle at a distance (a?) from 

a fixed point at end of time (t). Explain the nature of the motion^ 
and shew that the velocity of propagation of the wave = a. 

13. By supposing udx + vdi^ + rvdz a complete differential and 
equal to df, the equations for determining the motion of a mass of 
fluid assume this form^ viz. 

What can be determined with regard to the action of the parts of the 
fluid on each other independently of any supposition with regard to 
the original disturbance, and what circumstance of the motion is 
implied in the analytical fact that iidx + vdi^ + rvdz is a complete 
differential ? 



St. PETER'S COLLEGE, May 183L 

I. In order that a fluid mass may be in perfect equilibrium^ shew 

that we must have 

dp =rpXdx + pYdi/ + fZdz 

and p Xdx + p Ydy -f fZdz, 

a perfect differential of three independent variables ; X, Y, Z being 
the accelerating forces acting on a particle whose co-ordinates are x, 
y, z, and p the density of the fluid at that point. 

If the only forces are the mutual attractions of the particle^ ac- 
cording to the law of gravitation^ and centrifugal force, shew that the 
second condition will be satisfied. 
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2. If the density of the fluid a depths find the pressure upon a 
triangukr plane, of which one angle is a right angle^ and the base of 
which coincides with the surface of the fluids the inclination of the 
plane to the surface being B, 

Determine B so that the vertical pressure may be a maximum. 

3. When a body floats in a fluid, the weight of the body equals 
that of the fluid displaced. 

4. If a floating body be made to revolve, so as to pass successively 
throu^ different positions of equilibrium, shew that those of stable 
and unstable equilibrium occur alternately. 

Does the converse of this necessarily hold ? 

5. If tt be the velocity at a horizontal orifice and z the depth of 
the fluids prove the formula 

or J iV 

u being the area of the orifice, k that of the surface of the fluids and 

from J? ^ 0, to a? = 2, 



v a? 



X 

X being the area of a section of the vessel at the height x. 
Will this formula hold for a finite orifice which is not horizontal ? 

6* Determine the expression for the resistance on the edge of a 
plane of given thickness, and bounded by a given curve, in terms of the 
relative velocity of the plane and fluid, and the density of the fluid« 

7. Explain the action of the syphon. How does it begin to act ? 
Determine the accelerating force on the fluid within the tube. 

8. Shew how the place of a barometer may be supplied by weighiilg 
a body of considerable bulk and small specific gravity. 

9. If a given globe of very nearly the same specific gravity as 
water, be placed in a stream running with a given velocity, determine 
its motion. 

10. If a cylindrical vessel containing a given quantity of water> 
be drawn up vertically by meaiis of a weight and string passing over 
^ pulley^ determine the pressure of the fluid on the sidet} of the vesseU 
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11. Investi^te the following formula for finding d^e height of a 
noantain by means of a barometer, 

+ 2log.(l+^)}(l+f). 

where -— - exnresaes the expansion of an elastic fluid for V* of the 
250 

tbermometer^ — -- the condensation of mercury for each degree^ and 

C a constant quantity. 

How may the constant C be determined ; and what correction is 
necessary on account of the position of the place on the earth's sur« 

ftce? 

JESUS COLLEGE, June 1832. 

1. How is the pressure of a fluid at a given point measured ? Prove 
that fluids press equally in all directions-*upon what axiom does this 
depend? 

2. The surface of a fluid at rest is a horizontal plane. 

3. Find the pressure of a fluid on any surface, and thence find the 
pressure of a fluid whose density oc (depth)" on a surface of revo* 
lution whose axis is vertical. 

4. Find the centre of pressure on any plane surface. 

5. Shew in what case the equilibrium of a solid in a fluid is staUe 
or unstable. Define the metacentre and find its position. 

6. Find the pressure at any point in a mass of fluid at rest, acted 
on by any forces : and shew that the density is the same at all points 
of the surface. 

7* Find the resistance to a solid of revolution, and apply it to find 
the redstance^ on a sphere. 

8. Compare the specific gravities of a solid and fluid by weighing 
the solid in air and in the fluid. 

9« Explain the method of filling a common thermometer, and 
compare the scales of two that are differently graduated. 
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10. Find the least play of the piston which will enable a eonuMn 
pump to work. 

11. Find the height of a mountain hy means of a barometer and 
thermometer. 

12. Find the velocity of a fluid issuing through a finite orifice. 

SIDNEY SUSSEX COLLEGE, May 1829. 

1. Define the specific gravity of a body : shew that it varies ctt* 

rectly as the weight and inversely as the magnitude. What are tin 

W 

standard weight and magnitude assumed in the equation Ssa •-^? 

2. If a surface be immersed in a fluid at rest, the perpendicular 
pressure upon it is equal to the weight of a column of the fluid, whose 
base is the area of the surface, and altitude the perpendicular depth of 
its centre of gravity. 

Example. Let a hollow sphere be filled with water : divide it by 
a circle parallel to the horizon into two parts which shall be equally 
pressed. 

3. Find the positions of equilibrium of an homogeneous triangle, 
floating on a fluid with one angle immersed. 

4. When a fluid issues from a small orifice in the bottom or side 
of a vessel, explain the formation and effect of the vena oontracta. 

5. Determine the relation between the time and the quantity of 
fluid issuing from a vessel through a vertical orifice, the vessel being 
kept constantly fulL 

Example. Let the oriflce be a circle, and the surface of the fluid 
a tangent to its upper extremity. 

6. If a plane be opposed obliquely to a stream, find the force of 
the stream in the direction of its own motion, and in the direction 
perpendicular to it. 

7. If a fluid consist of particles which repel each other with forces 
varying inversely as d'*, d being the distance between their centres, 
find the law of the compressing force in terms of d, and in terms of 
the density. 
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8. The form and dimensions of a diving-bell being ^ven, inves- 
tlgate the relation between the depth to which it has sunk^ and the 
height to which the water has risen within it. 

EzAMPLK. Let the bell be a hemisphere of given radius (6 feet), 
and let the surface of the water within it bisect its vertical 
radius ; the barometer standing at 30 inches^ find the depth of the 
water. 

<). Explain the construction and action of the fire-engine. 

10. Let a given cylindrical rod float vertically on a fluid, whose 
specific gravity is known : if the whole be placed under the receiver 
rf an air-pumpi find the change in the depth to which the rod will 
sink at each turn of the handle ; and its limiting depth when the 
number of turns is increased indefinitelv. 

* 

11. Let two cylinders of given capacities contain airs of different 
iennties : a communication being opened between them by a small 
orifice, find the time in. which the densities will become equal. 

SIDNEY SUSSEX COLLEGE, May 1830. 

1. DxFiNB a fluid ; what is an incompressible, and what an elastic 
fluid ? explain the term " perfect fluidity." 

2. Define ^'specific gravity," and show that in any substance 
the volume multiplied into the specific gravity, is equal to the 
weight 

3. When the particles of a fluid mass in equilibrium are acted on 
by any number of forces, find an equation for determining the pressure 
at any point ; explain accurately how this pressure is estimated ; and 
show in what manner the expression is to be applied in finding the 
pressure on any surface immersed in a fluid. 

4. A hollow sphere is filled with fluid and whirled round with a 
given angular velocity, the particles of fluid being attracted towards 
the centre of the sphere by a force varying as the distance ; find the 
pressure on the surface of the sphere. 

5. One end of a regular trough is an isosceles triangle, moveable 
about a hinge at the vertex, when the trough is filled with fluid, find 
the force that must be applied ut the centre of gravity of the triangle 
to keep it from moving. 
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6. Explain the construction and use of Nicholson's hydrometer^ 
and give the method of determining the specific gravity of a hodj 
lighter than the fluid in which it is weighed. 

?• If a hody float on a fluids the weight of the fluid displaced is 
equal to the weight of thehody^ and the centres of gravity of the hody 
and fluid displaced are in the same vertical line. 

8* If a vessel he constantly filled with fluids and a very small 
orifice he made in the side or bottom of the vessel^ the velocity of the 
issuing fluid is nearly that due to the depth of the orifice. 

9* Find the time in which a given cone will empty itself by a 
small orifice at the vertex^ the slant side being placed parallel to the 
horuMm. 

10. Find the resistance on the surface of a solid of revolution 
moving in a fluid in the direction of its axis. How is the hypothesis 
incorrect on which the laws of this resistance are founded ? 

11. Compare the resistances on a cone and paraboloid of equal 
bases, moving in a fluid with equal velocities in the direction of their 
axes. 

IS. Explain the action of the common pump, and find the height 
to which the water rises after (») strokes of the piston. 

IS. Show how the heights of mountains may be determined by 
means of the barometer and thermometer, and explain how to correct 
for the variations in the latitude, and in the temperature at the top 
and bottom of the mountain. 



OPTICS. 



TRINITY COLLEGE, 1822. 

I« If ft plane mirror be made to move in a conic sectionj so as 
always to touch it, find the path described by the image of an object 
phoed in the focus. 

2, Parallel rays may be made to converge much more nearly to the 
wae point by means of a reflector generated by the revolution of a 
aniO arc of a catenary round its axis, than by a spherical reflector of 
the same dimensions. 

S, If Fhe the focal length of a spherical reflector, or refractor, 
and D the distance from the centre of a straight line perpendicular 

F 
\o its axis, then the polar equation of the image is r = • 

I — y^ , COS.d 

Prove this, and find the axes of the conic section to which it be- 
longs. 

4. If a ray of light be rofracted through any number of mediums 
contained by parallel plane surfaces, it will be as much bent from its 
ordinal course as if it passed immediately out of the first medium into 
the last. 

5. When a ray of homogeneal light is incident obliquely upon a 
ipherical refracting surface, determine the intersection of the refracted 
nj with the axis of the pencil to which it belongs. 

S. If the focus of rays incident on a convex lens of inconsiderable 
thickness be near its axis, then the focus of refracted rays may be de- 
termined from the formula j + -7.= -^» where d, Jl F denote the 

a J J* 

distances from the centro of the lens of the foci of incident, and re- 
fracted rays, and of the principal focus respectively. Prove this, and 
sbew how the formula may be applied to all the other lenses. 
[Supp. P. IL] H 
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7- Supposing the sun s rays^ after bebg refracted by the earth's 
atmosphere^ to pass through it in right lines, and no reflection to take 
place ; find the dimensions of the illumined part of the atmosphere 
which is opposite to the siin. 

8. The density of rays in the sun's image formed by a reflector 

area of the aperture X reflecting power 
(£Dcal length of the reflector)^ 

9* If rays be incident parallel to its axis on the plane surface of a 
plano-convex lens, whose thickness s t^ and radius sat; and emerge 
after two refractions at the plane surface, and one reflecticm from 
the spherical; prove that the distance of the geometrical focus of 

the reflectorrefracted rays from the plane surface = : where 

sin. incidence 
sin. refraction 

10. Construct Galileo's telescope, find its magnifying power, 
its greatest field of view, and shew how it must be adjusted to the eye 
of a short sighted-person. 

11. Describe the experimentum crucis, by which Newton 
shewed that the primary colors cannot be separated into others by 
refraction. 

sin. incidence ^ . . , « , 

12. If n = -: — :: — from air mto glass for the rays df 

sin. retraction ° ^ 

mean refrangibility, and n ±.%n denote the same for the greatest 
and least refrangible rays ; also if $ = angle at which the sun's rays 
are incident on an isosceles prism whose angle := 2 a, then the 
angle contained between the rays of greatest and least refrangibility 
4sin.a.$7i 

13. In a convex lens with surfaces of equal radii, the spherical 
aberration will exceed the chromatic, if the semi-aperture of the lens 
be greater than -^ of its radius. 

14. If the dispersive powers of two prisms placed one against the 
other in opposite directions, be inversely as their refracting angles; a 
ray of light incident nearly perpendicularly on either prism, and re- 
fracted through both will emerge free from color. 
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15. Es^ldin fully the fcnrmation of the primaxy anA eecondiary 
nmbowsy and find their altitudes and breadths. 

16. (1). If a tangent be drawn to the generating circle of a 
cycloid at its generating pointy and be taken equal to the ordi- 
nate f^ the circle at that pointy prove that the extremity of the 
tangent will trace out the caustic formed by ra3r8 incident on 
the oydoid in a direction parallel to the base. 

(2). Find the length of this caustic, its highest pointy its 
point of regression^ and the area contained between the oydoid^ 
the caustic^ and the reflected ray. 

17* The caustic by refraction of a plane surfS^^^ when rays 
diverge from a point, is the evolute of an ellipse, or an hyperbola, 
according as the rays pass from a denser into a rarer, or from a rarer 
into a denser medium. 

18. If the quantity of light emitted by any particle of a luminous 
spherical superficies towards a point placed within it, be supposed to 
vary as ihe sine of the angle, which the emitted rays make with the 
surface : then the point will receive the saine quantity of light, 
whatever be its position^ and whatever be the magnitude of the 
superficies. 



TRINITY COLLEGE, 1824. 

1. What are the two principal theories which have been formed 
on the nature and propagation of light ? Would the mathematical 
explanation of the common phenomena of reflected and refracted 
light be the same upon both hypotheses ? 

2. If A and A' be the distances of the foci of incident and reflected 
lays from the surface of a spherical reflectpr, whose radius is r, then 

A ■*■ A' T 
the direction of incidence being nearly perpendicular to the surface. 

8. The r^ecdng curve is a circle, and the radiating pdnt is the 
extremity of the diameter : to describe the caustic 

U 2 



.::rr ^^r^y-ilX, 
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4b What is the angle at whidi two plane teflecton muit be 
placed with respect to each other, so that the images of an olgeet 
placed between them may be found in the an^es of an equilatend 
pentagon? 

5. If rays are reflectedat the back of a plane loolring glass, whose 
thickness is given, given the focus of incident rays, to find the focus 
of emergent rays, the direction of inddenoe being nearly perpendicular 
to the surface. 

& Find the deviation of a ray passing thiough a prisn^ whose 
jefincting angle is inoonsidenible. 

7* Hie co^ugate fod in a spherical refractor move in the ssme 
direction upon the axis and coincide at its surface and centre. 

8. Find the focal length of a double convex lens. 

9. The power of a compound lens is equal to the sum of the 
powers of the component lenses, the power of a lens being defined 
to be the reciprocal of its focal length. 

10. Find the focal length of a double concave lens by ezperimeot 

*" 11. Newton, in describing the experiment with the porism for 
determining the unequal refrangibility of light, says, that the image 
of the sun, whilst the prism was turned, first descended, and then 
ascended, and for one position was stationary ; in that position, the 
refraction of the light at the two sides of the refracting angle of the 
prism was the same : prove this, and shew the use of this circuin- 
stance in the experiment in question. 

12. In a double achromatic object-glass, the powers of the lepses 
must be inversely as the dispersive powers of the glass of whidi ther 
are respectively formed. 

13. A short-sighted person can see distinctly at the distance of 
six inches : what must be the power of a lens to enable him to see 
distinctly at the distance of 18 inches ? 

14. In the common Astronomical telescope, given the focal lengths 
and diameters of the object-gLass and eye-glassy find expressions for 
its magnifying power, field of view, and for the brightness of the 
image compared with that of the object 

15. Ejq^iain the construction of the Gregorian telescope, and 
find ito magnifying power. 
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16. The colours of the secondary rainbow occur in. the. inverse 
Older of those in the primary. 

17> Find the longitudinal and lateral aberrations ct parallel rays 
incident upon a spherical refractor. 

18. Find the centre and diameter of the least drde of chromatic 
aberration in a lens, and compare the density of the rays in different, 
ports of it 

19. Find> from the requisite data^ the time which an equatoreal 
star is in passing over the field of view of a Newtonian telescope. 

^. A person sees distinctly in air : what must be the nature and 
power of the lens which he must use in cnrder to see distinctly under 
water? 

21.. Upon what phyncal principle has Newton explained the 
ordinary refraction of light ? Are the magnitudes d the forces 
which are requisite in order to reconcile the phenomena of refraction 
with his hypothesis, any objection to its truth ? 

22. State generally the phenomena of double refraction which 
ire observable in crystals with one axis. 



TRINITY COLLEGE, May 1831. 

1. A SMALL pencil of parallel rays falls directly on a concave 
spherical mirror ; determine the longitudinal aberration of the ex- 
treme ray. 

2. In the direct incidence of a small pencil of rays on a spherical 
mirror, QF : FA :: FA : Fq. Prove this for all the different 
cases, and shew that when the incident pencil is convergent to a 
point behind a concave mirror, the convergence of the reflected pencil 
wiU be increased by a constant quantity. 

3. Explain fully the nature of vision to an eye under water. 

4. A small pencil of rays is refracted obliquely at a plane surface, 
if QH (tt) be the axis of the incident pencil, and Q', Q", the fod of 
ihe refracted pencil in the primary and secondary planes, shew that 

Q'H=rf.i/5^, andQ"H = ^tt. 
. cos.*^ "^ 



109 BXAMINATmif FAPBRS {2Vfa« 

5. Investigato a formula for the nftactidn c^ a pencil of fajs 
incident directly on a concave spherical, for&c^ giving the fiiat aad 
second approsdmations. 

6. Having obtained a formula for the ref^nedon of a pendlof 
diverging rays proceeding out of a rarer into a denser medium, how 
is it to he adapted to rays proceeding out of a denser into a XBrer ^ 

Exemplify this in determining q^ and q^ the foci (after the seoond 
refraction) of an oblique pencil incident on a plate with parallel 
surfajsesj referring tq question (4). 

7* The deviation of a my of li^t is always from the refraotiog 
$ogle of a priim> if it be denser than the surrounding medium* 

8* Find the minimum distance of the conjugate foci Q and q^ 
when on different sides of a lens. How does this enable us to deter- 
mine the focal length of a lens by experiment > 

9. Four convex lenses having a common axis are placed at in- 
tervals m, 5m, 10m from each other, the focal lengths of each of the 
three first b^ng Sniy and of the last m. If a pencil of parallel rays 
fall on the first, determine the point to which they converge afbr 
passing through the system. 

10. Diverging rays are incident directly on a refracting sphere ; 
determine the fo6U8 of re&acted ra3nk 

11. State the experiment by which Newtott shewed that the 
sun*s light consists of rays which differ in refhrngibiUty and colour, 
and that each elementary ray of the solar spectrum when once 
separated does not admit of further separation by another refraction* 
Describe the appearance of the spectrum when hi its hi|^iest state 
of purity. 

IS. What is meant by the dispersive powar oS a mediumj and the 
irrationality of the dispersions of di£Eerent media ? 

15. Determine the relation between the focal lengths ci two 
lenses which shall achromatize each otheri when placed in contact* 

14. Explain the formation of the rainbow, and why the colours 
of the primary and secondary bow are in a reverse order. 

15. Describe the astronomical telescope in its sintplest fbrm^ 
drawing the course of the extreme -rays. Determine its field of 
view. How is a Uniformity of brilghtness secured in it ? Why 



Colli 1852.} IN OPTICS. 109 

bannot that be effected in the Gralilean oonstructiiAii fts used in 
practice? 

16. Construct the Gregorian telescope, and determine its mag« 
oifying power, tracing the course of a pencil of rays. 

17' MHien a pencil of rays passes eccentrically through a lens, 
explain the nature of the confusion ansing from the chromatic dis- 
persion. How is that remedied ? Determine the intervals between 
two lenses of given focal lengths, so* that the directions of all the 
partial emergent pencils may be parallel, the axis of the incident 
pencil being parallel to that of the lens. 

18. What are the requisites (respecting the object-glass and eye- 
piece) that vision through a telescope may be as distinct as possible ? 

19* Prove the law of reflexion of light on the theory of undula- 
tions. 

20. What is the principle of the interference of rays of light? 
How is the existence of such interference demonstrated ? 

21. State the phenomenon of double refraction, and the properties 
of the two refracted pencils. 



TRINITY COLLEGE, Junk 1832. 

1. State the known general properties of light, aod explain the 
terms reflexion, refraction, and unequal refrangibiiity. 

2. Explain the dififerenoe between the least circle of aberration, 
and the least cifcle of chromatic diq^rsion. 

8. A small pencil of rays> diverging from a pcunt on the axis of 
A mirror> is reflected at the centite of the mirror, find the focus of 
reflected rays ; and shew that the conjugate foci are always on the 
same side of the principal focus. 

i. Find the position and dianieter of the least circle of aberration, 
Wh^ the radiating point is in the axis of a given concave c^^ical 
Inirror. 

5,' A small object is equidistant from two plane parallel mirrors, 
find the path of the axis of tbe^oaU pencil of lays^ by which tn eye 
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^plaoed in a giyen position between tbe minors, can see the third 
image proceeding from either side^ and shew that its kngUi eqnab 
the distance of the eye from the image. 

6. In the direct incidence of a small pencil of rajs upon a 
spherical refracting snr&ce, shew that the conjugate fbd more in 
the same direction, and are coincident at the surface and centre of 
the refractor. 

7* A small pencil of rays is refracted obliquely at a definite point 
on a spherical surface, find the distances from that point of the foci 
of refracted rays in the primary and secondary planes. 

Adapt the general expression for the primary plane, to the case 
where the obliquity is small, but not wholly inconsiderable. 

8. .When a centrical pencil of rays is refracted at a convex 
spherical surface, find the aberration, and shew that there will be 
no aberration when QA ss {ft, •{- l)r. 

9. If a small pencil of rays enters a lens direcdy, and is emergent 
after reflection at the second surface, the effect upon the pencil is 
that of two passages through the lens and a reflection at the second 
surface, the thickness of the lens being neglected. 

10. Find the focal length of the sphere considered as a lens. 

11. Find the place of a double concave lens when its conjugate 
fod are ^ven in position. 

12. When a pendl of rays passes through a given prism, and 
both refractions take place in the same plane, and very near to the 
refracting angle, the emergent rays vrill diverge accurately from a 
point, if the angles of incidence and emergence be equal. 

18. Investigate an expression for the dispersive power c^ a 
medium, and find the condition requisite, that two prisms placed 
contiguously with small refracting angles may achromatifle each 
other. 

14. Find the direction under which a small pencil of rays ninst 
enter a sphere of water, in order that the rays in the primary plane 
may emerge parallel after {p) reflections within the drop. 

15. Explain the formation of the rainbow, and find the altitude 
of its highest point, and the breadth of the colours. 
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]& Find the magnifying power of a simple microaoope, whose 
fecal kngth is -^ inch> 'and its distance from the eye ^ inch, the 
least distance of distinct viaon heing 12 inches. 

1 7* Describe the Newtonian telescope, and find its magnifying 
power and field of view. 

How must this telescope be adjusted to the eye of a short-righted 
person? 

18. In the undulatory theory, eiq^n the terms, wave, length 
of a wave, phase of a wave, and front of a wave, and state the prin« 
dple by which the disturbing e£Pect of a wave may be calculated. 

19* Explain the refraction of light on the undulatory theory. 

20. State the principal phenomena of polarized light, and the 
hypoUiesu suggested for their explanation. 



St. JOHN'S COLLEGE, 1815. 

1. Explain the experiment by which it appears that the sine of 
incidence : sin. refraction in a given ratio. 

2. The distance of P from the circumference of a polished circk 
is equal to that of Q from its centre. If PABQ, be the course of 
a ray reflected at A and B, then 

AB-^AP: AB-^BQy.BQ : AP. 

S, A very small polished angular solid receives upon two of its 
adjacent planes respectively the light of two candles, so situated as 
both to become visible at once by reflection to an eye placed at d 
considerabLe distance. The angle contained between the reflecting 
planes is equal to half the angle between the directions of the inci« 
dent rays. 

4. A speck in the middle of the back of an isosceles prism will 
appear double to an eye placed close to its edge. Suppose the angle 
which the two images so seen subtend, at the eye, to be a right 
angle, determine the angle of the prism, and thew that the supposi- 
tion is impossible, unless sin. inc. : sin, ref. in a greater ratio than 
8 +i '/2 : 1 • out of air into the prism. 
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5* A my of light emitted from a lumihoiis point reaches th6 eye 
after reflection at a convex polished surface. The position of ths 
eye and radiant point being given, prove, by a property of the ellipsej 
that the path described by the ray is the shortest which could be 
passed over by a body, so as to reach the eye after meeting the sur- 
face* Explain why this is not universally true in the case of a 
concave surface. 

6. A book, laid horizontally on a table, is illuminated by a 
candle placed at a certain distance frcmi it. As the candle bums 
equably down, determine at what height of its flame the illumination 
of the page will be the greatest. 

7. A parabolic reflector is employed to view near objects. Prove 

that the aberration of extreme rays = ^-- — ^^ — » Q.S boing 

the distance of the object from the focus ; and determine whether 
the focus of extreme ravs will be nearer to or further from the 
vertex than that of central rays« 

8. When a prism, not very acute-angled, is laid on its base before 
an open window and the eye is situated at a proper angle of elevation 
above the base, a circular bow of a blue colour, concave towaxds the 
pye, is seen in the base, forming the boundary of light and darkness. 
Explain the cause of this phenomenon. 

9. Find the focal length of a lens whose thickness is not inoon* 

siderable, and shew that if R, r, be the radii of the first and second 

thickness 
surface, <=a: p ' , and 1 + f* : 1 :: sin. inc. : sin. ref., the 

focal length will be ( -= — ^^ • „ / • -— ; 7; -r, and the 

disttnee between the focal centres s=s (22 + r) . • , ,^ jl . U 

.10. A spectator at ^un-set sees a rainbow from the top of a very 

high mountain, and observes that it exceeds a semi-circle by a certain 

♦ • " ■ . . • . 

arc. How may the height of his station be determined ? 

.11. A ray of light is incident on a phine. Given the equation 
of the plane, and also that of the line described by the ray before 
incidence, it is required to. determine die es^uation of the xs^; 1st} 
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iftw leAeetioo; Sadly, after refractioa at the plane. In the latter 
oia apply your leault to find the cauntic aurfaoe of a plane. 

12. Shew that the deviation of a ray refracted through a prism 
denser than the surrounding medium is towards the thicker part of 
the pHsnu 

13. Describe the phenomenon of double refraction^ and the law 
wUch the extraordinary ray observes. 

14. Given the positions of a radiant point, and the e3re, in a line 
neariy perpendicular to the side of a very acute-angled prism ; deter- 
mine the course c^ a ray which shall reach the eye after refraction. 

St. JOHN'S COLLEGE, Dbo. iai6. 

1. Defins the geometrical focus of a pencil of rays ; and shew, 
that in the case of a spherical reflector that point is farther from its 
surface than the intersection of any oblique reflected ray with the 
axis of the pendl. 

2. Shew that if an object be viewed through a medium con^ 
tamed by parallel plane surfaces, the aberration of oblique rays from 
the geometrical focus is less than when the rays are refracted at a 
single sur&ce. 

3. If two equal and parallel pieces of mirror-glass containing a 
thin plate of air between them be closely united and immersed in a 
vessel of water, an object at the bottom can be plainly seen through 
them, until the angle at which they are inclined to the surface be- 
comes considerable, after which the object cannot be seen. Required 
an ejqplanation of this phaenomenon. 

4. If rays ftdl nearly perpendicularly on a spherical refiracting sur* 
fkce, shew that QF tndfq are always measured in opposite directknls 
fiomjPandyi 

5. Find the focal length of a meniscus of small thickness^ and 
diew that it is not altered by inclining the incident pencil a little td 
the axis of the lens. 

6. A circle is immersed vertically in water. Required the figure 
and dimensioni of the image. Find the same whenit is aeen thixKigh 
a inediom contained hy patrallel plane mufittei; 
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7* Compare the Imming powers of a sfdiericalidlector and dOT 
convex lens of equal aperture, the radii of whose sorfiloea are eqnal 
and douUe that of the reflector, the reflecting powar of the one and 
transmitting power of the other hdng supposed equal. 

8. Explain the construction and efiect of the multiplying glass* 

9* Point out the respective advantages of Galileo's and the com- 
mon astronomical telescope, and find where the eye must be placed 
so that the field of view in the latter may be greatest. 

10. Investigate the form of die surface that shall accuratdy 
reflect parallel rays. 

11. Find the least circle into which a pencil of rays reflected by 

a spherical surfiace is collected, and shew that wheai the incident rays 

„ , ^ ,. - , . . , (semi-aperture) ^ 
are parallel the radius of this circle a -r^ — 1 1 a^\i 

12. The reflecting curve is the common parabola, rays incident 
parallel to the ordinates ; find the nature of the caustic, the density 
of rays in different points, and its length for any portion of t^ie para- 
bola. 



St. JOHN'S COLLEGE, Dec. 1821. 

1. Shbw that it is not necessary to constant vision, that rays o( 
light should consist of contiguous particles. 

2. Explain the principle and ccmstruction of a common opera 
glass. 

8. Two paralleJ rays are incident on a spherical reflector on tiie 
same ^de of the axis ; shew that the angle between the reflected rays 
is equal to twice the difference between the angles of incidence. 

4. The distance at which a short-sighted person can see distinctly 
Is 8 feet. He has a double concave lens^ whose focal length is 3 feet. 
Will this enable him to see an object at the distance of 12 feet ? if 
not, find the nature and focal length of a lens, which placed between 
his eye and the former glass will be sufficient for that purpose. 

5. When a small pencil of homogeneal rays falls obUquely upon a 
plane refractmg surface^ and in a plane whidi is perp^dicular to that 
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jBrfiskoe^ having given the focus of inddetit tayn, and the angles of 
iwadenoe and xefiractionj find the geometrical ibcus of refracted xayi. 

6* ABC is an equilateral triangle, PQRSTF the course of a 
nj refracted at Q and T, and reflected at R and S. The angle of 
inddence of PQ is 15® ; find the ratio of sin. /: sin. R, that the 
incident and emergent rays may be inclined at an angle of SOP, and 
shew that in that case QRST cannot be greater than 2 AB, nor less 
iimt AB at whatever point in AB the ray is incident. 

7- A and B are two fixed points, and CD la a plane reflector 
which moves parallel to itself. A ray of light proceeding firom A is 
reflected to J? in every position of the reflector ; find the locus of the 
points of incidence. 

8. When divergmg rays are incident on a rarer medium contained 
by parallel plane surfaces, the geometrical focus is farther from the 
surface than the focus of incident rays. 

9. BAD, BCE are two plane reflectors inclined to each other at 
an angle of 15^ il is a given luminous point in one of them. Find 
at what angle a ray proceeding from A must be incident on the other 
reflector, that after 3 reflections it ipay be parallel to BA ; and if 
ACDE he a small pencil, compare the densities at C, Z), J?, sup* 
posing no light absorbed by the reflectors. 

10. Construct a Newtonian telescope, and determine the field of 
view. 

11. If parallel rays be incident on a spherical reflector, whose 
iqperture is small, prove that the longitudinal aberration varies as the 
square, and the lateral aberration as the cube of the diameter c^ the 
aperture* 

12. In the experiment where Newton shews that the Sun's light 
eonsitfts oi rays di£^ng in refrangibility and colour, prove that when 
the qpectrum appears stationary, the angles of refiraction at each side 
f^ the prism are equal. 

St. JOHN'S COLLEGE, Dec. 1822. 

1. AcoKVBxkns increases the convergency and diminishes the 
divergency of the rays of any pencil incident upon it. 
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2. A ray of light issuing from a pcnnt 1)etweea two plane m 
fiecton, and falling on one of them at a given angle, after (») reflex 
tions heoomes parallel to the reflector on which it was first incident 
Beqoired the angle at which the reflectors are inclined. 

3. Required the image of an object placed before a prism of small 
vertical angle. 

4. Place a straight line before a spherical reflector^i 

(1). So that it may pass through the centre of the Conic Sec 
tion which forms the image. 

(S). So that the image may be a circle ; or a rectangulfff 
hyperbola. 

5. When a luminous particle is placed before a spherical refractor, 
find the position of its image. Find also the situation of the pardde, 
so that its distance from the image may be a minimum. 

6. A glass sphere and a double convex lens have the same focal 
lengthy and the radius of one of the surfaces of the lens it twice that 
of the other. Compare the radii of the sphere and lens. 

7. In the diameter of a given circle, two lights are placed, whose 
distances from each other is eq\ial to the radius ; their distances from 
the centre being as 3 : 1. Supposing the intensities of the lights 
to be inversely proportional to their distances from the centre of the 
circle, determine those points in the circumference which receive, the 
least light possible. 

8. Compare the fields of view in the Telescopes of Gregory and 
Cassegrain^ the reflectors and eye-^ass being supposed the same in 
eadu Point out the respective advantages of the two instruments. 

9. Having given the focal length (a) of a spherical refracting 
surface^ and (0) that of a thin convex lens ; find what must be the 
focal length of another lens, to be compounded with the fomier, such 
that the refractor and compound lens may, witji equal apertures, 
form equally bright images of distant objects : supposing the trana- 
mitting power of the refractor to be to that of the lens :: n : m. 

10. Find the nature and magnitude of the. image of a straight 
line placed before an hyperbolic speculum, at a given distance from 
one of its fodi ; the eye being situated in the other Ibcii^, 
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St. JOHN'S COLLEGE, Dso. 1830. 

• ■ • • 

1. If a ray of light be reflected once by each of two plane 
mirrors ; and in a plane which is perpendicular to their common 
intersection^ the angle contained between the first and last directions 
of the ray, is equal to twice the angle at which the mirron are in. 
dined to each other^ 

2. Parallel rays may be made, to converge ox ii^er^ accurately 
by means of a parabolic reflector. 

3. Having given the inclination of two plane mirron, and the 
dtuatioii of an object between them ; find the number and pontion 
of the successive images formed by them. 

4. A ray of light, which passes through a prism in a plane per- 
pendicular to its edge/ is turned towards the thicker part, or &om it, 
according as the prism is denser or rarer than the surromding 
medium. 

5. Find the refracting power of any transparent substance. 

6. Find the longitudinal aberration, when a pencil of rays is 
inddent, at a small but finite angle^ upon a plane refracting surface. 

7* Find the focal length oi a given sphere. 

8. Define the centre of a lens, and determine its position in a 
double convex lens of given thickness. 

9. Find the visual an^e of a given objett, when viewed throu^ 
a double convex lens. 

10. Construct Sir I. N6wton's telescope, determine its magnifying 
power} and shew how it may be adapted to nearer objects. 

11. Explain the phenomenon of the unequal refrangibility of 
light ; and find the dispersive power of the substance of "which a 
prism, having a very small refracting angle, is formed. 

12. When a beam of solar light falls upon a lens, find the 
centre and diameter of the least circle of chromatic aberration. 

\3. Explain the reason why the order pf the colours in th^ pri- 
mary and secondary ndnbows^ is inverted. . . 



] 



llf BXAUniATRIK FAPBR8 {St^JMi 

14. Having given the radius df an arc of any oolour in the pi. 
muf rainhowj find the ratio of refraction^ ftr that ooloar, out of tir 
into water. 



St. JOHN'S COLLEGE, May ISSl. 

1. When diverging or conver^ng rajs are incident nenfy 
perpendicuhurly upon a lens, the thickness of which is inconnto* 
ahle, pEDve that QF : Q£ : : Q£ : Qq. 

2. If a ray QA be incident upon a spherical reflector, the centre 
of wlucfa is £, in a direction parallel to its axis EC, and AT he a- 
tangent at A cutting the axis in T, shew that the longitudinal aher. 
ration = | CT. 

5. Having given the distance of a luminous point from a concave 
spherical mirror, find its radius, when the aberration of a ray incident 
at an angle of 45° : the distance of the geometrical focus from the 
centre : ; the distance of the focus of incidence from the centre : the 
radius of the mirror. 

4. Find the illumination of a globe resting on a horizontal plane 
at a given distance from a candle ; the height of the flame of the 
candle bebg equal to the radius of the globe. 

5. At the bottom of an empty spherical basin a crown piece is 
placed, and an eye is so situated as just to see the edge of the crown 
piece over the rim of the basin. When the basin is filled with 
water the whole crown piece becomes exactly visible. Find the 
radius of the basin. 

6. Find the equation to the caustic, when the reflecting curve is 
the rectangular hyperbola, and the rays are incident parallel to its 
axis. 

7. If a ray of light be incident upon a prism, in a plane perpen^ 
dicular to its edge, at an angle of 45^ ; find the value of the refract- 
ing angle of the prism, so that the ray may just emerge parallel to 
the second surface ; the value of the index of refraction (ft,) being 

8. A given circular ol^ect is placed before a glass prism, the re- 
fracting angle of which is SCP, with its plane parallel to the face (£ 
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the prism. Shew tliat the image is an ellipse^ in Which ibe sqiiaret 
of the axes are as 31 : S& 

9. Having given the linear magnitude of a concave spherical 
mirror of 6 inches radius, before which a small object is placed at a 
distance of 12 inches; find the lines^r magnitude of a double convex 
glass lens, of the same radius, which will form an equally bright 
image of the object, supposing no rays to be lost by reflection or re- 
fisctioii* 

10. The mi^nifying power of a common opera glass, (or Gaii- 
lesn Telescope;,) when directed to a distant object, is 4 ; but when 
adjusted to an object situated at a distance of 40 feet from the object 
glass, the magnifying power is 5* Find the focal lengths of the 
object and eye glasses. 

11. A ray of light diverging from a luminous point is incident 
upon a plate of glass, the thickness of which is (^), at an angle 



( 



4 



Shew that the longitudinal aberration is accurately =: 7-^ 

15 

12. Determine the relation between the focal lengths of two 
lenses, which will achromatize each ocher^ when separated by a given 
interval (a). 



St. JOHN'S COLLEGE, May 1832. 

1. Describe Hadley's quadrant, and find the error in an angle 
observed with it when the index-glass is not quite perpendicular to 
the plane of the instrument. 

2. If a ray of light be reflected once by each of two plane sur- 
faces, in any planes, the first and last directions of the ray make 
equal angles with the intersection of the reflectors ; and if planes be 
drawn through the intersection of the reflectors and the first and last 
directions of the ray, the angle between these planes is equal to twice 
the angle between the reflectors. 

S. QR is a ray incident upon a reflecting surface at the point 
R, ER is a normal to the surface, and Rq the reflected ray ; £R 
tSuPF. P. n.] r 
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' makat with each of three rectangular axes angles whose ooones are 
l,m,n; QR and qR make with the same axes angles whose cosines 
are a, b, c, and a^, b^, c^ : prove that 

a + ai:sx2(jal+ bm-f cfi)l, 

6 + b^^si2{al + bm + en) m, 

c + c^ :^ 2 {al + bm + en) n, 

4. Rays are incident on a surface of revolution in a difectkm 
parallel to its axis ; its caustic by reflection is a sphere : find the 

. equation tp the generating curve of the sur&ce. 

5. Find the distance between the foci of inddent and emergent 
rays, when a pencil passes nearly perpendicularly through a refract- 
ing medium bounded by concentric spherical surfaces. 

6. An astronomical telescope is filled with fluid : having given 
the refractive powers of the fluid and of the lenses, and the radii of 
the surfaces of the lenses, find the distance between their centres. 

?• Rays incident nearly perpendicularly upon one surface of a 
double concave lens converge, after reflection, to a point four inches 
from the lens ; when incident upon the other surface they omverge 
to a point five inches from the lens ; the deviation of a ray paanng 
dose to the rim of the lens is 1°. 43', and the diameter of the lens 
half an inch : find the index of refraction of the substance of which 
it is formed. 

8. Find the least distance between the conjugate foci of a very 
thick lens. 

9* If the greatest deviation of a ray refracted through a prism 
= D, the angle of the prism = /, its index of refraction = f«,, 
cos./ — cos.(D 4- /) = V (fA- — 1 ) COS./. 

10. Determine the form which a given pencil of rays will assume 
on emerging from a prism: both refractions taking place in one 
plane. 

11. Investigate the condition of achromatism of two lenses for 
an excentrical pencil, when the axis of the incident pencil is inclined 
to that of the lenses. 

12. Explain the refraction of light on the undulatory theory. 
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IS. Explain on mechanical principles the transmission of a wave 
in which the vibrations are -transverse to the- direction of the motion. 

H. Investigate the law of double refraction in uniaxal crystals. 



CAIUS COLLEGE, May 1831. 

h Thb intensity of Kght emanating from any print, varies in- 
veneiy as the square of die distance from that point< 

2. Find the equations of those curves, which possess the property 
tf reflecting light aoduraliely, tram one givm poitit to another. 

3. Determine the lateral aberration in t spherical reflector, of 
which the aperture is small compared with the focal lengths 

4« Prove that the length of the caustic by reflexion, is equal to 
the difference between the entire extreme rays. 

5. When a small portion of a curve is placed at a ^ven point, 
with its radius of curvature directly opposed to that of a giveti re« 
Hector; prove that the difference between the curvatures of the 
image and object is constant* 

6. What is the minimum deviation of i^ ray of light, passing 
through a prism of given refraeting power ? 

7. To find the focus of a lens of any thickness, 

8. Required the positidn, and radius of the least circle of aberra- 
tion in a lens. 

9. De0cribe the Cass^ainian telescope^ and find^ its magnifying 
powert 

10. Determine the radius of the bow, formed by light refracted, 
after p reflexions within the drops of falling rain* 

11. Describe some of the experiments, which prove that in biaxal 
crystals, neither of the refracted rays follows the Cartesian law of 
refraction. 

12. Fbd the resultant of two similar interfering rays, on the 
undulatory hypothesis; and give a construction for determining its 
amplitude. 

I2 
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CAIUS COLLEGE, Junk 1832. 

1. Define a luminous pencil, and state the principal mod 
tions which it undergoes at the surfaces of transparent bodies. 

2. Describe the experimental proof of the equality of the a 
of incidence and reflection, and apply this principle to the com 
iion of Wdlaston's Goniometer and Hadley's Sextant. - 

S. Trace the corresponding motiona of the conjugate foci I 
iiection in 8 spherical ttiirror. 

4. When light issuing from a given point is reflected by a 
Tical surfSace in a plane, inclined at a given angle to the prii 
plane, determine the ultimate intersection after reflection. 

5. Determine the number of images, when a body is place 
tween two inclined plsme mirrors* 

6. Find the caustic surfi&ce by reflection when the radiating 
is in the periphexy of the reflecting qphere. 

7. Required the minimum deviation when a ray of light 
through a prism of given refracting power* 

8. Describe HerscheVs Telescope. 

9. Find the radius and position of the least circle of aberrat 
a lens, the incident rays being parallel. 

10. Explatn distinctly the formation of the rainbow, and fin 
radius of the primary bow. 

1 1 . Prove that the quantity of light polarized in reflection, 
the position of the surface is such that the polarization is com 
equals the tratismitted light polarized by rrfraction in a plane 
pendicular to that of inddence. 

QUEEN'S COLLEGE, 1825. 

1. A Ray of light passes from a point situated at the extr 
of the diameter of a semicircle, and is reflected by the drcumfei 
determine the point of incidence, so that after reflection the raj 
pass through a given point in the diameter produced. 
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2. Suppose the focal lengths of two double Ccnvex lenses to be to 
each other as (m) to (n), and the radii of their first surfaces to be 
equal; required the ratio of the radii of their second surfaces. 

3. A sphere of glass and another of water being placed in air^ 
what must be the proportion of their radii, that their magnifying 
povrers may be the same ? 

4. It is required to find the principal focus of a concavo-convex 
lens. of a rarer medium, whose thickness is inconsiderable. 

5. Required the form and focus of a ^sob lens which would 
enable the eye to see distinctly under water* 

6. * In Gregory's telescope, the focal length of the larger reflecjtor, 
the position and focal length of the eye-glass, and the distance between 
the two images of a remote object being given ; required to find the 
position and focal length of the smaller reflector, which will cause 
the telescope to magnify the object in any proposed ratio. 

7- If parallel rays fall upon a single thin lens of a given sub- 
stance, determine the diameter of the least circle into which all the 
rays of different colours are collected, the linear aperture of the lens 
being known. 

8. Given the highest point of the under arc of a primary rain- 
bow ; required the altitude of the Sun*s centre. 

9. Suppose the reflecting curve to be a cycloid, and the incident 
rays to be perpendicular to the axis; required the nature of the 
caustic. 



QUEEN'S COLLEGE, May 1831. 

1. Required the distance of the geometric focus of a ray re« 
fleeted at a spherical surface, the distance of thq luminous point being 
5 feet and radius of mirror 2 feet. 

2. Two plane mirrors are inclined to one another at an anglj of 
15^, required the number of images of an object plaiCed between 
them. 



U6 BXABinvAttdH »APBRs [(^ueHi^^i iMi 

S. If r be the fidiaft df a spherical mfimeiW, the ktefd aberration 
for parallel rays = r sin.i versin. -^ nearly. 

4. In the iftterimr rainbdW the tangent ef ihe togle of iilddetice 
is eqtial to twke the tangent of the angle of tclnctioti. 

5. Required the focus of refraction of a concave tod convex len^ 
separated by a given intetVaL 

6. Explain tlie pAaxsiy anci secondary focal lines at ah oblique 
pencil of ra3ni reflected at a i^erical sUrfac^ and diew thai they sre 
at right angles to one anodier* 

7^ If the reilectihg eutvebe an afoof 60^5 shayr that If almninObs 
body be placed at one extremity the (density)* of light at the pdnte 

^att ^aA ^k# 

of trisection oi the caustic are m the numbers ^ ■■# 



e«^i s«— 1 a«— 1 



QUEEN'S COLLEGE, 1833. 

i. If the distance of a luminous point be 7 feet from a i^ierical 
reflector whose radius is 1 foot : find the velocity of the focus -of the 
reflected ray^ when the luminous point approaches the reflector at the 
rate of 2 feet per second. 

^. If a light W placed in the centre of an ^ipse ; the sum of tlie 
illuminations of every two points in the circumference at 90^ distant 
from each other will be the same. 

3, If a ray of light be refracted through a right-angled triangular 
prism in a plane perpendicular to the axis ; then having given the 
angle of incidence (p and the deviation ^, we may find the angle of 
refraction f' at the first surface ; from the equation 

4. If a giv«n sediicircie be lunnersed ^ertioaily in a fliiid, llie 

image will be a semi^ellipse^ and find the ratio of the axes. 



I 
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5. If the refleciiug curve be a logarithmic ^iktX, lumiaoiifi point 
in the pole ; shew that the density of light at any point of the caustic 
1 



\fiUa 



rad. vector 



6. If a pencil of rays diverge from a given point and fell obliquely 
oa a refiracting medium bounded l^ parallel plane surfaces; then 
the distance between the foci in the primary and secondary planes 
areas cos.^^ : cos.^^^ where f and ^' are the angles of incidence 
and reflexion. 

7. In the interference of two equal and^siaiilar undulatimis ; shew 
that when one is(p + ^) X length of wave behind the other (p being 
a whole number) they will destroy each other. 



SIDNEY SUSSEX COLLEGE, May 181^9* 

1. Let a thin pencol of rays^ converging to a given point, fall 
nearly perpendicularly upon a convex^ mirror of given radius: find 
the focus after reflection ; and trace the changes in its positioti, wlnle 
the focus of incident rays moves from a point in contact with the back 
of the reflector to an infinite distance. 

2. Let a thin pencil of rays, diverging from a given point, fall 
obliquely upon a curved reflecting surface : find their intersections 
after reflection. 

3. Find experimentally the refracting power of a given solid 8ub« 
stance. 

4. Find the focal length of a lens, whose thickness is inconsider- 
able : and shew which kinds of lenses will make parallel rays converge 
or diverge* 

5. Let two double convex lenses be placed with their axes in the 
same straight line, the distance between them being greater than the 
sum of their focal lengths : and let a luminous object be placed be- 
tween l3iem : aliew t^at the distance bet w ee n tlie two images will be 
a maximum, when lihe object divides the distance between the lenses 
into two parts proportional to their focal lengths. 
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6* When a ray is incident on a single refracting surface^ find tlie 
lon^tddinal aberration. 

7. .Find the difference between the distance of an object when 
seen by the naked eye^ and its apparent distance when seen perpendi- 
euiarly through a glass window. 

8. Find the image of a straight line placed perpendicnlarly 
before a lens : and trace its changes when placed at different dis- 
tances. 

9. Explain the unequal refrangibility of light : and find the centre 
and diameter of the least circle of chromatic dispersion. 

10. When an image is farmed by reflection in a common looking- 
glass^ explain the aberration of the extreme rays. 

1 1 . Construct Gregory's telescope ; and find its magnifying power. 

12. Explain the formation of the rainbow; find the radius of 
any given colour in the p'^ bow : and supposing the rainbow to be 
formed just at sunset, compare that part of the concave surface of 
the heavens^ which is enclosed within it^ with the whole visible he- 
misphere. 



SIDNEY SUSSEX COLLEGE, May 18S0. 

1. Give a brief statement of the two hypotheses which philoso- 
phers have ma£le with regard to the propagation of light. 

2. Determine the form and direction of a small pencil of rays after 
being reflected obliquely at a spherical mirror, first, for the primary, 
next for the secondary plane ; and explain clearly the position of these 
two planes. 

3. Find the equation to the caustic when the reflecting curve is 
an equilateral h3rperbola^ and parallel rays are incident on the convex 
surface perpendicular to one of the asymptotes. 

4r A given point is placed between two plane mirrors, inclined to 
each other at a given angle, find the number and position of the 
images. 
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5. In the passage of a ray of light through a prism in a plane 
perpendicukr to its axis^ show that the deviation is a mininnim when 
the incident and emergent rays make equal angles with the sides of 
the prism. 

6. Find the direction of a ray after refraction through a lens of 
inconsiderable thickness. What lenses will make parallel rays diverge, 
and what converge ? 

7. Determine the analytical relation that must hold between the- 
focal lengths of two lenses in order to form an achromatic combination ; 
why does not the application of this succeed in practice ? 

8. A short-sighted person can see distinctly at the distance of six 
inches, find the nature of a glass which will enable him to see dis* 
tinctly at a distance of eighteen inches. 

9. A ray of light is incident on a reflecting surface of revolution 
at a point x, y, parallel to the axis, show that the distance from the 
origin of the intersection of the reflected ray with the axis 






2p \ ^ dx 

Apply the case to the paraboloid. 

10. Explain the formation of the primary and secondary rainbows, 
and determine from observations on the rainbow the ratios of refraction, 
for any coloured light, between air and water. 

11. Explain the magic lantern ; and find the least distance of the 
object and the screen at which the image can be formed. 

12. Construct Cassegrain's telescope, find the magnifying power, 
and the greatest field of view, and explain the advantage of this tele« 
Boop^ over th^t of Gregory. 

St. PETER'S COLLEGE, Mav 1831. 

1. What is meant by intrinsic, and apparent brightness? How 
is the former estimated ? 

2. In direct reflexion at a spherical mirror 

i 4. i — ?, 
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u aad V being the distances from the surface^ of the foci of incident and 
reflected nyi. 

3. When rays are incident obliquelj on a spherical reflector^ ex. 
plain fully the nature and position of the focal lines in the primary 
and eeeondarf planes ; and idiew that for the piimary plane 

cos.^ oos.f __ S 

f oeing the angle 6£ incidence t and for the secondary phme 

1 Jl^ ^.co s.^ 

u tf r 

4. If in the last question O be the centre of the reflector and the 
focus of inddence Q be so idtuated that QO is parallel to the surfhce 
of the mirror at the point of incidence^ determine accuratdy the finrm 
of a section of the reflected pencil between the twofod^ madte l^a 
plane perpendicular to the axis of the reflector. 

5. When rays are incident directly on two parallel plane re« 
fracting surfaces, detennine the poation of the foous of refracted 
rays. 

6. When rays are incident obliquely on a spherical refractor^ prove 
the formula 

COS.^' COS.^' COS.<> / C08.f' 



f* 



M • 



^6 / C08.f ^\1 

u \ co8.^ /r 



COS.9 W U \ C08.f 

for the primary plane \ and 



i* 1— ( 



COSi^^ \C0S.^ 



cos.^ / r 
fot die secondary plane. 

t^ Explain fully the nature of spherical and chromatic aberration^ 
and how they coexist in the same pencil. 

Find the least drcle of chromatic aberration in a len& 

In what proportion will the imperfectness of vision through the 
lens^ ariang fhnft these aberrations, be remedied by diminishing the 

aperture ? 

8. Explain why an object can be seen distinctly through a lens 
only when placed between the lens and it's principal focus, the distance 
of the eye from the lens being less than its focal length. 
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If the distance of the eye from the lens be greater than the focal 
lengthy find the limiting positions in which the object may be placed 
so that it's image may be seen distinctly. 

9. If a pencil of Converging rays fall tipon the first of a com- 
bination of two lenses separated by a given interval^ in such a 
manner that they shall emerge parallel from the second lens^ de- 
teraiine the focal length of the fin^e lens Whidh in the position 
of the first of the above lenses shall be equivalent to their com« 
hination. 

10. Describe thd il^Uronomical telescope ) and mention the difierent 
kinds of eyepieces commonly used with it^ and their advantages and 

diaidinifitttgei. 

It. if-th of the rays incident on each lens of atelescc^bd 

fcmiMikiitltd hfit, how will the apparent brightness of an olgect be 
a&eted by ^ use of Muyg^hau' eye.piece instead of a single lens of 
the same focal length as the eye-glass of the eye-piece^ the focal length 
of th« field glass being twice that of the eyeglass. 

12. State concisely the principal postulata of die undalatory 
theory of li^t, and whence are derived the strongest reasons for pre« 
ferring it to the Newtonian theory^ 



ASTRONOMY, 

AND 

SPHERICAL TRIGONOMETRY. 



TRINITY COLLEGE, 1820. 

1 • Explain the construction and use of the astronomical quadrant 
and circle, and state the advantages of the latter instrument over the 
former. 

S. What is the practical mode of drawing a meridian line? 
During what time of the year will the operation be the kast liable to 
error? 

3, By what observations may the figure and dimensiohs of the 
Earth be determined ? 

4;^ Explain the common modes of determining the latitude of any 
place on the Earth's surface. Solve the. requisite triangles when we 
have two observations of the Sun's altitude on the same day, and the 
time elapsed between the observations. 

5. What is the difference between a sidereal and solar year? 
Explain briefly the approximate mode of obtaining the length of 
each? 

6. Assuming the solar year = 365^ . 5^ . 48*" . 48', what are the 
necessary corrections of the civil year, in order to make it always 
nearly coincident with the solar ? 

7. Assuming the truth of the Copemican system^ explain 

(1 ). The phases of Venus> 
(2). Her retrogradatlonsi 

(3). Her appearance sometimes as a morning and sometimes as 
an evening star. 

8. Fmd the Sun's altitude at six o'clock on the longest day. 



Trm. Coll. 1820.] astronomy, &c. 122 

9. Required the time of a given day when the Sun'a altitude will 
be the same at two given places on the same meridian^ and on the 
same side of the equator. 



TRINITY COLLEGE, 1820. 

1. ExpiiAiN the construction and use of the vernier. Within 
what limits may angles he read off hy an instrument of which the 
arc is suhdivided to QCf, and 20 divisions of the vernier are equal to 
19 of the arc ? 

2. Explain the mode of correcting a small error in the meridian 
plane hy ohservations made with a transit instrument on a circum- 
polar star. Supposing the time hetween the lower and upper 
transit ss T, and between the upper and lower ss T + i, work out 
the proper correction. 

8. Determine the obliquity of the ecliptic by meridian altitudes 
taken on successive days before and after the solstice, and apply the 
proper corrections. 

4. Explain the mode of determining the lengths of a Cereal and 
solar year. 

5. Assuming the length of a solar year to be 365d. 5h, 48' • 48'' 
determine the correction of the civil year in order that it miety always 
nearly coincide with the solar. 

6» Under what circumstances is a star said to rise or set cosmi- 
cally^ achronically^ and heliacaUy ? 

7. " Hesiod says that sixty days after the winter solstice the 
star Arcturus rose at sun-set : from which it follows that Hesiod 
lived about 100 years after the death of Solomon" (Sir h Newton'ii 
Chronology). Exhibit the calculations on which this conclusion' is 
founded. 

8. When the Sun is in either of the equinoctial points, determine 
the locus of the extremities of the shadow of a perpendicular style on 
a horizontal plane. 

9« When the Sun is in eidier of the equinoctial points and the 
style of the dial is perpendicular to the horizontal plane on which 
the hour-lines are drawn ; determine the construction of the dial* 
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10. Upon what experiments doei it appear tliat in the passage al 
a ray of light through a variahle medium like our atmoiphere, the 
sine of incidence is to the sine of refraction in a constant rathv 

n. Explain the mode hy which Bradley ohtained the following 
formula: 

a 400 

Refraction » ^ x tan.(»— 8r) X 57" X 



29-6 "^ "^ ' • S50 + 4A 

a Bs altitude of the barometer in inches 
29*6 ^ mean altitude of do. 
z 7= zenith distance 
r = 57" X tan.z 
h = height of Fahrenheit's thermometer in inches. 

1 2. Define parallax^ and determine the law of its variation for tbe 
same body at different altitudes. 

13. Explain the mode by which (a) the effect of parallax in right 
ascension may be observed^ and prove that the horizontal parallax 

15 X a X cos.dec*». 

^~ - • 

cos. lat. X sin. hour-angle 

14. If the velocity of the Earth be in a finite ratio to the velocity 
of light ; (1) find the direction in which a telescope must be held in 
order that a given heavenly object may appear in its axis : {%) On 
the same hypothesis shew that a ray of light proceeding from a hea- 
venly body must strike the retina at a different point from whftt it 
would do if the eye of the spectator were at rest ; and therefore by 
the laws of vision that the apparent place will differ firom the true 
place of the body. Shew that the quantity and direction of aberration 
are the same on either of the two preceding considerations. 

15. Write down the expressions for the aberration in latitude and 
longitude^ and determine for any given star ^yhen the corrections are 
positive^ and when negative. 

16. Bradley observed, 

(1). ^ That each star was farthest north when it came to the 

meridian about six o'clock in the evening, and farthest south 

' when it came about six in the morning." 



t. 
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(3). ** That in both stars the apparent difference of decUnation 
from the maxima^ was always nearly proportional to the versed 
aine of the Sun's distance from the equinoctial points." 

Confirm these observations, and shew that they only apply to stars 
situated near the solstitial oolure, 

17* Prove that in elliptical orbits of small eccentricity^ the greatest 
equation to the centre is twice the eccentricity. 

18. Explain the mode of correctly determining the longitude of 
the Earth's apogee : and state at what era in the history of mankind 
the line of the apsides coincided with the line of the equinoxes. 

19* Given the place of a planet as seen from the Earth, find its 
place as seen from the Sun, exhibiting the formulas of heliocentric 
latitude and longitude. 

20. Account for the moon's vibration in longitude. 

21. Find the lunar and solar ecliptic limits : and thence determine 
the greatest and least number of eclipses, of either kind, that can 
happen in one year. 

22. Suppose the Moon's right ascension to be exactly known, when 
the Sun is on the meridian ; determine when the Moon's centre will 
be on the meridian. 

23. Determine the difference of the longitudes of two places on 
the Earth's surface, by observations on the passage of the Moon's 
centre over the meridian. 

24. If a small error be made in the assumed distance between two 
meridians, shew how that error may be corrected by observations on 
the occultation of a fixed star. 



TRINITY COLLEGE, 1821. 

1. If two sides and the included angle of any spherical triangle 
be respectively equal to' two sides and the included angle of another ; 
then the third side of the one shall be equal to the third side of the 
other. 
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2* The anglea at the base of an isoflceles spherical tiiangle are 
equal. 

3. The sum of any two angles of a spherical triangle is greater 
than the third angle by a quantity which is less than 180^. 

4. Prove the truth of Napier's two rules (without taking the fun« 
damental propositions for granted) when the complement of the hypo- 
thenuse is the middle part. 

5. Assuming the truth of Napier's two rules in any one case^ 
shew^ hy substitution in the complemeAtal triangle^ that ihey must 
necessarily be true in both the other cases* 

6. In any spherical triangle in which A, B, C ate the angles ; a, 

o *4* h *l* c 
h, c the of^Kwite sides respectively^ and JS ss • 

A 1 
(1). bg. tan. - = - {20 -f- log.8in.(5'— b) + log. 8in,(5'— c) 

— log. wa.S — log. sin.(<S — a) }, 
A--B> 



cos. 



.1 — »• ( — ;; — I 
(2). tan.(-^) = X tan.-. 

C08.(-^) 

and 

, sm. I J 

(S). Given A, B, c; required C without the determination 
of a^ b. 



TRINITY COLLEGE, 1821. 

1. GrvE a short account of the Copemican system, and shew how 
the principal phenomena presented by the Sun and Moon may be ex« 
plained by it 

2. In a common mountain barometer, the altitude of the mer- 
cury is measured on a scale of inches subdivided into 20 equal 
parts, and accompanied by a sliding vernier in which 25 equal 
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parte correspond to S4 of the fbrst scale. Explain the mode of 
reading off. 

3. In the North Polar expedition, when the needle refused to 
traverse^ a sun dial was erected in the place of the compa^f. Explain 
the mode in which the steerage of the ship might he conducted hy 
that instrument. 

4. Determine the hour of any given day when the Sun passes 
the horizontal wire of a telescope in the least time possihle. — Find 
the time during which the Sun's disc passes the meridian on the 
same day. — Determine also the field of view of the telescope^ 
having given the whole time of his appearance in it during the 
transit 

5. Determine when the Sun's centre is on the meridian by ob- 
servations of e^ual altitudes before and after noon. — Apply the 
proper correction for the change of declination between the obser- 
vations. 

6. Given the latitude of the place ; find the time of rising of a 
known star. 

7. Deduce the Sun's variation in declination near the solstice. 

8. Find the variation of altitude of the Sun, when very near the 
meridian, for a small given time. 

9. Determine the variation in right ascension and declination : 

(I). Having given a small variation in longitude. 
(2). Having ^ven a small variation in the obliquity of the 
ecliptic. 

10. Deduce the expression for the area of a spherical triangle, 
and shew its application in determining the spherical excess in trigo- 
nometrical observations on the Earth's surface. 

1 1. In certain latitudes the shadow of a perpendicular style recedes 
from the meridian for some time after Sun rise. Point out the limits 
of latitude within which the phenomenon may hjqppen. — Determine 
also, for a given place, the whole angle through which the shadow re- 
cedes on a ^ven day. 

12. State the meaning of a sidereal year, a tropical year, and an 

anomalistic year Explain the methods by which the several periods 

may be correctly determined. 

[Supp. P. II.] K 
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IS. Define pftnllax^ and shew its Yariation fbr the flame body at 

different altitudes. 

14. Determine the parallax of a heavenly body by two obser- 
vations on Ihe same meridian* 

15. Explain the mode of observing the parallax in right ascen« 
sion. 

16. .Find an expression for the variation of the Moon's aj^rent 
semidiameter at different altitudes, 

17. If the velocity of the Earth bear a sensible proportion to the 
velocity of lights prove that there must be a sensible aberraticm of the 
fixed stars.— Determine the variation in the quantity of aberration for 
the same star. 

1 8. The aberration of a fixed star being observed for a given 
position of the Earth, from thence deduce the velocity of light. 

19* Deduce the expression for the aberration in declination ; and 
confirm the following observation of Bradley, viz. 

^' That in both stars (situate near the solstitial colure) the ap. 
parent difference of declination from the mftxiinn was always 
nearly proportional to the versed sine of the Sun's distance from 
the equinoctial points." 

20. Given the mean anomaly of a planet, find the true. - 

SL Find the time between the conjunctions of two planets. Shew 
how the calculation may be extended to the time between the con- 
junction of three planets. 

22. Calculate the seyeral dimensions of the umbra and penumbra 
of the Moon, and find the solar ecliptic limits. 

23. Explain the mode of determining the distance between two 
meridians : 

(1). By means of a time-keeper. 

(2). By observations on the occultation of a fixed star* 



Oolk A82i.] nr Aki«<AJroittj etc. )dl 



TAINITY COLLEGE, IMS. 

,1 

1. Ascertain the limit of the sum of the sides of ft triftngle> and 
alao thd lindt of the sum of its angles. * 

2. In two triangles who&e sides are a, b, c, and a*, V^i respeet* 
ively^ given tl^ a sat ^^ 6 «ki A'^ o d^ ji^ piOVe thd triangles equal in 
all respects. 

S. Explain the fbrmatlon of the suppl^ttiental triangle^ aAdprirv^e 
its properties ;;— ^nder what values of its angles ^oes the given triangle 
coincide with its feupplemehtal triiingle, and what, ratio d06tf it then 
bear t6 thesurfaoe of the sphere? _ .:..«.. ao.. . t 

4. In a polygon c^ n side^ whose a^glss are 4i ^i C^.** ^»^f^ 
surface equals {^1 + B + C + &c.... P} — (« — 2)w. 

5. In a triangle ABC (right-angled at C) prove^ independently 
of Napier's rule^ sec.c = tan.il . tan.^. 

.6« In anj triangle iiJBC prove 

C ■ ' ' 

2 log. cos.^ = 20 \ log.8in./$-f log.sin.(«S'— c?)— log^sin.a-r h)g'Sin.i| 

where 2 iS «« tf + 6 + <?• 

7. In any triangle ^BC, prove 

•CO8.2I + C0S.J5.CO8.(? 

COS*a = t * 41 ■ . I M MM •• 

• sin.B.sin.C \ . ' 

8. Give the ambiguous cases in right^^ngled^ quadrantal/ and bh< 
lique triangles* 



TRINITY COLLEGE, 1822. 

h '■ Haw is it jfthown that the apparent diurnid motion of the stars 
is uniftrmly in circles parallel to one another. 

2. Explain the liiede of determining the right ascension of a star, 
the right ascension of none of ihe others being svx(^<ai^& \j^\»\aa^NXi. 

K 2 
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S. The sine of the Sun's declination is a mean proportional be* 
tween the sines of his altitudes at six o'clock^ and when due east. 

4. The. distance at which the top. of a mountain may be seen by 
means of refraction : the distance at which it could be seen without 
^; U : 18 nearly. 

5. If D =s apparent zenith distance of a star, r rs refraction, and 
sine of incidence : sine of refraction : : n : 1 ; then 

r cotD -- i/{c ot^ J> ^ (»« -, 1) } 

tan**r 238 * 

2 n + 1 

, 6. The difference between two contiguous degrees on the Earth's 
surface is a maximum, when the middle latitude s 45^. 

T« If in any latitude x, the angle which a plumbUine makes with 
the semi*diameter of the Earth =: ), and a, 6, denote the semi-major 

and semUminor ««, «f the Earth, then tan.>«<4^^\ 

Prove this, and shew that when } is a maximum, tan.^ sg ^ ^ > „ 
nearly. 

8. In the stereographic projection of the sphere, compare (1) the 
surface contained between two quadrantal arcs perpendicular to the 
^lane of projection: (2) the surface of a zone contained let ween 
circles parallel to the plane of projection, with the areas into which 
they are respectively projected. 

9. Shew how the. Moon's equatoreal parallax may be determined 
by two observers on the same meridian. 

- 10. If P =s horizontal parallax of a planet, js =;= its zenith dis- 
tance, / = its latitude, 6 ss its angle of position, and f as ai^le that 
a vertical makes with the circle of declination passing through it ; then 

„ . 1 .^ , P Axk.z sin.(0 + (p) 
parallax m longitude = ^ ^t 

and parallax in latitude as P sin.s cos.(d + f )• 

II. If the obliquity bf the ecliptic be assumed s= f ; and by^ an 
observation of the Sun when near the solstice it iis found that the 
difference between his longitude and .90° =7 /, and the difference 
between his observed declination at that time and his greatest 
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^edination be assumed s= d ; tben d may be determined very accu- 
rately from the formula 

sin.rf 2SS 2 tau.f . sin.«. -• 

12. How is it shewn that the apparent path of the Sun is an 
ellipse, of which the Earth is the focus ; and that round this the Sun 
appears to describe equal areas in equal times ? 

CS 

13. If -pTj SB sin.^^ and the excentric anomaly as u, then when 

(cos.0^ — 1 

the equation of the centre is a maximum, cos.tt =3 — ; and 

sm.^ 

the greatest equation of the centre 

{sin.^ • sin.tt I 
J— r — sin.f . sin.tt. 
(co8.(py J 

14. Trace the changes of the equation of time at different parts 
of the year. 

15. Construct a vertical east or west dial. 

16. There must be two solar eclipses in a year, and there may be 
five. There may not be any lunar eclipse, and there may be three. 

17. If P and p be the horizontal parallaxes of the Moon and Sun, 
and M and S their apparent semi-diameters ; then half the angle 
subtended at the Moon's centime by a section of the lunar umbra at 

the distance of the Earth = — V; ; and by a amilar section of 

the penumbra = —~z ^» 

18. Explain the causes of the stationary appearances, and retro- 
g)*ade motions of the superior and inferior planets. 

19* Explain the mode of determining the longitude and latitude 
at sea. 

20. Find the path of a star arising from aberration, when the 
Eartb moves in a curve acted on by a force perpendicular to the axis. 

21. Supposing a fixed star to have an annual parallax, compute 
Its e£fects in longitude, and latitude ; and shew that each of thes6 
will vanish when the corresponding aberration is a maximum. 
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. 29. Explain tba meims by which BxenShfj mg^mUA nutolmi fto« 

the inequalities of precess^n, and aberration.- 

2S. In what manner wei^ tl|e distance and periodic time of the 
Georgium Sidus determined soon after its discovery ? 

34. lt'P» q, r denote three heliocentric distancea t£ a pknet, 
cc, 0, y half the differences between its hcUocentria loogitodes at 
those points^ and S the area of the triangle formed by joining the 
axireiwties af tho dittaaeesj than tha pafuneter tf the ofbit 

2pqr sin.a . sin./3 . sin-y 



TRINITY COIl^EOB, 1823. 

1. If in a spherical triangle the angles be denoted by A, B, C, 
and the aidca opporita by a, by e yeiqpactively ; what is ike Valna of 

, . sin.il sin.B sin.C . ^ .^ ^ ^ ^« % 

the ratio -: = -; — r- = -; — in a form fit for computation ? 

8in.a sin.6 8UI4^ 

2. Tha casaa of a quadxantal spherical triangla may ba solved by 
rules like Napier's. 

3. Put S = — ^-r . Prove that tan-i^l . tan.iB ^ '. — . ■ o » 

and a]^ly this formula to solve the triangle^ when a side^ an adjacent 
anglcj and the sum of the otixeat two sides are given. 

4. Write down Napier's analogies^ and Bpglj them to shew the 
following particulars : 

(1). The difference of two angjbs is less than 180^ 

(2). ^(a + &) and ^{4 + jS) are always of the sa^e affecUom 

(3). a—b and A'^B have always th^ same sign, 

5. Deduce^ Prop. ¥(, Book I. £uc. from the correspondii^g case 
of a right-angled spherical triangle. 

& The sides of a spherical trian^e are each a quadrants Pr«ive 
that the distances (<v^ 0, y) of a point within i^ from the angles of 
the triaagle are so couneoted^ that 

cg«,a« + wa^ 4- Wktr^ 5!r 1% Rftdi^^lf 
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?• Given the inditiation of the phme of a theodolite to the 
horizon ; xeqoired the greatest emx that can possiUj happen in 
determining the magnitude of an angle. 

8. How IB it shewn, that the fixed stars are at distances from 
the Earth infinitely greater than the Sun and planets^ and that the 
Earth is a sphere of nearly 8000 miles in diameter ? 

9. What are the definitions Of the principal points and ]^aties 
from which distances are measuved in Astronomy? Construct a 
figure in illustration of your definitions. 

10. It is observed in the case of the SiM^ that sin.R.A. : tan. decL 
is always in the same ratio : shew from this^ that his motion is all hi 
one plane. 

n. What are the causes of eclipses ? why do they not rettrrn 
monthly? 

12. Determine the hour of the day by observing the Sun's alti- 
tude^ the latitude^ and his declination. How is the longitude found 
bf a ehnmometer ? 

15. Give a popular account of the various astfonomical correal 
dons. 

1 4. Mention some of the peculiar phenomena of Jupiter's satellites^ 
and the astronomical discoveries to which they have led. 



TftlNITY COLLEGE, 1»24. 

1. Shew how the diffeifenoe of miM(m% and of days and nightsr 
is produced by the motion of the Earth about the Sum 

2. Does the Moon revolve upon hes axis ? What would be the 
apparent motions and phenomena of the Earth and the Sun seen by 
a spectator in the Moon ? 

S, When is Ventis a morning, and when an evening star ? Shew, 
how it happens thiit the time Wlien she is stationary is not when she 
his moved to her , greslteSt apparent distance from the Sun. Are 
Vtnege mf phenomena in a supeiior pianet, which tforimf^enA t9 the 
Station and giealest elai^atkm of m iafayiar oae^ 
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' 4. What was the nature of the change which made a xefmrmation 
of the Calendar necessary ? What is the alteration produced in the 
heavens by the precession of the equinoxes ? 

5. Suppose the precession to be 50" in a year, explain and verify 
the following calculation, which Newton makes the foundation of 
his chronology. 

In A. D. 16899 the first star of the constellation Aries had its 
longitude 25^ Sb' of the sign y* : the last star of the same constella- 
tion had its longitude 17® 5^ of the sign 8* Now the equinoxial 
colure at the time of the Argonautic expedition passed exactly through 
the middle of this constellation. Hence it appears, that the Argo- 
nautic expedition took place 2645 years before A. d. 1689* 

& The Moon's distance from a fixed star observed at 6 o*dock 
1*. M. was found to be 50°. In the Greenwich tables, the distance 
50° of these objects corresponds toll o'clock a. m.- What is the 
longitude of the place of observation ? 

7. Are the apparent places of the fixed stars afifected by the 
motion of the Earth ? What is meant by the parallax of the fixed 
stars } Has it been discovered by observation ? Does any argument 
for the motion of the Earth depend upon its discovery ? 

« 

8. At a certain place within the Arctic circle^ the Sun did not 
set for two months : what was the latitude ? 

9. Two stars, a, and ft are so situated, that when a rises they 
are in a vertical line with one another : when a sets they are in a 
horizontal line with one another. Find the latitude of the place— 
(If declination of a = 45°, latitude = 30°). 

10. Prove Napier's rules, hypothenuse being middle part. 

11. Prove the expression for the sine of the angle of a spherical 
triangle in terms of the sides. 

12. The sides of a spherical triangle are each = 111° 28\ Find 
its angles, and shew that its area is \ the surface of the sphere^. 
(111° 28' = 2 X 54« 44', and tan.54° 44' = ^2). . 

13.. On the surface of a given sphere, to draw a great drdd 
touching a given cirole, and passing through a given point. 
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14. A kill slopes to the south-east, at an angle <^ 80^. Shew 
that the path cX the shadow of a fixed object upon it when the Surt 
is in the equator will be a straight line, and find the position of this 
Hoe. 



TRINITY COLLEGE, May 1831. 

1. Explain the Ptolemaic ^stem of the wt)rld» Point out its 
principal defect, and show how it might be made to coincide with 
that of Tycho Brahe. 

2. Give some account of the following lunar inequalities. The 
evection, the variation, the annual equation, the equation of long 
period, and the secular acceleration. 

3. The length of the longest day at a given place is fourteen 
hours and a half. Find the latitude, supposing the obliquity of tne 
ecliptic 5= 2S« 28'. 

log. tan.2S«. 28'= 9*6S76l, 
log. cos.71 . 15 = 9*50710, 
log. tan.36 . 31 = 9-86949. 

4. The depression of the horizon is observed from the summit 
of a mountain ; find its altitude, taking into account the terrestrial 
refraction* 

5. Find the length of twilight on the day of the summer solstice 
at latitude 45". 

log. tan. 23^ 28'= 9-637^1 = log. cos.64*. 44', 

log. tan. 77 . 47 = 0*66476, 

log. 8in.l09 . 46 = 997363, 

log. sin. 1 . 46 = 8-48896, 

log, sin. 64 . 46 = 9-95645, 

log. sin. 43 . 14 = 983567. 

6. Find the magnetic variation from observations of the SanV 
ortive or occasive amplitude. 

7. Show that in finding the time by absolute altitudes the- ob- 
servations should be made near the prime vertical 
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8. The Jetiglh (tf the sidereal dey has not varied one leobnd lince 
tbe tUne of Hipjpaxchus. How can thisbeaaoortMiied? 

g. The Moon's right ascen»on hong as follows : 

1831. June 16, C^ 1 66^. 12'. 38"-0, 

12 172 .35.27 -2, 

17, 178.53.12 -4, 

12 ......185. 6.rr % 

18, 191 .15.45 -9. 

Find her A. R/on the 17* at 9^. 47"*. y '4. 

10. Explain the method of least squares, and show how it is 
applied to the correction of astronomical tables. 

11. A number of circUmmeridional altitudes of a planet having 
been observed, reduce them to the meridian. 

12. Given the right ascension and declination of a star, find its 
lofgitude. and latitude. 

13. Explain the construction, uses, and variouf a^^tm^oAa of 
the transit instrument Show how to place it in the meridian by 
means of the observation of drcumpolar stmrs. 

14. Give some account of the difierent methods for the deter- 
mination of the constants in the expression for refraction* 

15. Find the paralkx in light ascension, and show how in the 
case of the Moon, the ellipticity of the terrestrial meridians tossy be 
t4ken into account. 

16. Given the right ascension and declination of a atar for the 
present year> show how to find the time of year at which it rose 
heliacally in some preceding century*. 

17. Find the formulae for the aberration of the ^ed ^tars in 
longitude and latitude, and compare tliem with the respective formulae 
for their annual parallax. 

18. Explain the phenomena caused by the Earth's atmosphere in 
lim«r ed^sesy and eal^Iate the effect produced upon the dameter of 
the shadow. 

. 19. Show how t«are^iaL leao^udes may be de^kiced firam the 
observation of occultlUi^p# of fis^ nUri hy tkHb Mootu 
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^ 20. TluB pole fetmr has been ohserved off the meridiili; In the 

observed eenidi distance =» z> 

hour angle a^ ^j^ 

apparent north polar dist. x^ p^ 

coJatitude of the place. s= f. 

then ^ c= z -f |j . C03./ — ^p2. sin.2< . cot^ . sin.l" 

+ ^j»^ . sin,^ f . C08,< . sin.^ !''• • • 

^1. Given the apparent distance between the Moon's centre and 
a star^ as well as the apparent altitude of each^ to find the true 
distance. 

32« From the poMBge of a planet thrbogh its nodes, to And 'the 
kogitade of Uie p^:ihe]ion and the excentiidty of the (V 

23, Deduce the excentricity of the solar orbit from thd greatest 
eqiiatidii of the centra 

24. Let V == the anomaly of a coinet calculated in a parabolic 
orbk^ the anomaly in an dliptic oxbit of great excentricity may be 
dediieed> by adding to v the angle 9, vthere 9 ia found fxtnn the 
eqoaticRi 

sin.d = T:r (1 — c) . tan.- (4—3 cos.*- — 6. cos.*-Y 
10^ ' 8\ « a/ 

e being the ratio of the excentricity to the semi-axia laajor in the 

eUipse. 



TRINITY COLLEGE, May 1832, 

1. Explain the way in which ttolemy represented the first 
inequality of the Sun and planets. 

g. investigate the correction for the Sun'9 motion in declination 
to be applied to the instant of noon, ccmcluded from equal altitudes 
observed on each side of the meridian. 

3. Show how to determine the azimuth of a terrestrial signal. 

4. Explain the different causes of the equation -of time, and give 
an expression for it. . 

5. The Sun s declination being IS®. N. the twilight just lasts 
all night— find the latitude ef the piece. 
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6. In north latitude 45**. 3(f : the Sun's dedination heing 
15**. !(/• N. the Sun's centre at setting bears hy compass W.N.W. 
find the magnetic variation 

log. 8in.l5«. 1(/ =^ 9*41768, log. cos.43-aO s= 9'86056, 

log. sin.21«>. 8' =r 9-55712. 

7. Assunrfng that the refraction (r) for the zenith distance (?) 
may be thus expressed r= il .tan. (^— nr) deduce the expression 

tan.ffr = tan.nA tan.~ where R is the horizontal re&action, and f 

2 

is found from the equation tan.f = sin.2ni2 tan.^. 

8. Explain the method adopted for determining the horizontal 
parallax of Mai^ by bbserfations made nearly under the same 
meridian. 

9. Investigate the formuls for the annual precessioa of the fixed 
stars in right ascensiour and declination. 

10. Show that the effects of nutation may be represented by 
inipposing the apparent pole of the equator to revolve round the 
mean> in an ellipse^ the centre of which is occupied by the latter, 
and the major axis of which is a tangent to the circle of latitude 
passing through the poles of the equator and ecliptic, t]^ wnor axis 
being a tangent to the circle on which the mean pole of the eqiialor 
moves parallel to the ecliptic. 

11. The place of a star being taken from a modem catalogue, 
show how to calculate its place exactly for a very remote time. 

12. Show that when a star is in quadratures with the Sun, the 
aberration in latitude is a maximum, and when in syzygies a mini« 
mum. 

IS. The Sun's meridian altitude having been observed for several 
days before and aflter the solstice, show how to reduce the obsefva-> 
tions to the instant of the solstice. 

14. Give an account of the construction, adjustments, and uses 
of Hadley*s sextant. 

15. In observing circum-meridian altitudes, show that the reduc- 
tion to the meridian is of this form, 

Sm.A sin.D 2^ sin.«4JP , 

^~y — • . J - .(1 +^0* 

8in.(; , ^ ^.1" ^ ' 
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where A =s declination of the star^ 
{[ B the ;senith distance^ 
D =: the colatitade of the observer^ 
P =s the hour angle, 

86400— r 

r being the number of seconds lost in a day by the clock or watch 

used. 

16. In observing altitudes with a circle the plane of which is 
not exactly vertical, investigate an expression for the error on the 
altitude, given the deviation from the verticaL 

17- Calculate the augmentation of the Moon's apparent semi- 
diameter depending on her altitude, supposing the parallax in altitude 
hiown. 

18. Show how to calculate the different phases of a lunar eclipse* 

19. Explain the method of finding terrestrial longitudes by the 
transits of the Moon and moon^uhninating stars. 

20. Supposing the inclination of a planet's orbit and the longitude 
of the! node known, show how to find, from an observed geocentric 
longitude and latitude, the radius of the orbit and the distance from 
the node. 

31. From the laws of the planetary motions deduce an expression 
for the mean in terms of the excentric anomaly. 

22. From three successive observed positions of a spot on the 
Sun's surface determine the inclination of the solar equator to the 
ecliptic, and the time of rotation. 

23. The Sun and Solar system being supposed in motion towards 
a given fixed star ; deduce formula? for the variations in right ascen- 
sion and declination of other stars. 

24. A comet being supposed to move in a parabola, call i the time 
between two successive observations, k the chord of the arc comprised 
between the two places, r, /, the two radii vectores, f4 = 6 \/(3l + w), 
M being the mass of the Sun, m of the comet, then 

^ « (r + r'n- i)^ - (r + r'-^k)^ 
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St. JOHN'S COLLEGE, 1«21. 

1. Definb a meridian, a meridiaa line, the xenitli^ the horizon, 
and the ecliptic 

2. On a given day, in a given latitude> find the time of day by 
obierTing the altitade of a star whose right asoensioii ftftd dedfaMidoti 
are known. 

5. Explain the method of constnictii^t tables of ra&flodaii for any 
latitude. How may the horizontal re&actioii he detemined ? 

4. In a given latitude, a ciicumpolar star whose dffoKnatiim ii 
known passes a vertical cirde and repasses it after an interval of 
twelve hours, mean solar time ; find the meridian of the place ? 

5. ' Shew how the periodic time of a superior planet maj be 
found. Explain how the periodic time of the Georglum Sidus was 
determined ^ 

6. In an dliptic orbit of veiy small excentricity, prove that the 
horizontal parallax at the mean distance will be an aritlunetie mem 
hetween the greatest and least horizontal parallax. 

7. Find the parallax of a heavenly body by obfiervations audo 
out of the plane of the meridian. 

8. Determine from the requidte data the duration of a luatr 
eclipse. Point out what artifice in the analytical solution corresponds 
to the introduction of the relative orbit in the geometricaL Rod 
the limits to the whole number of eclipses that may happen in a 
yetr. 

9. Explain the principle of the repeating dide, and shew how 
it may be applied to find the meridian altitude rf the Sun witli 
accuracy. 

. la Constnict an horizontal diaL— In lat 6(r. the shadow of die 
style arrives at the ten o'clock hour«]ine fT rnxna, and at tlie two 
o'clock hour-line 2^ later than it ou^u Required in seconds of a 
degree the dip of the dial-plate from the horizontal plane ? 

11. From what arguments is it inferred that the Earth is loun^ 
and from what, that it is not ^herical ? Its true fonn being sup- 
posed an oUate spheroid, and its dimensions known, find in what 
latitude a degree of kmgituda and latiHidt are tq^iaL- 
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12. At a given "place, it was observed that die interval wHich 
elapsed between the rising of & star, and its crossing tbe prime 
vertical, was half that between rising and crossing tbe meridiAn< 
Having given the hour of the star's rising, and the doj of the year, 
find the declination and right ascension of the star. 



St. JOHN'S COLLEGE, May 29, 1822. 

1. .On what day of the year in latitude (/) does the length of 
the day equal the length of the longest day in latitude 45° ? 

2. Suf^sing the latitude of Greenwich Observatory to be exactly 

determined^ and the zenith distances of some star near the zeniths 
of Greenwich and Cambridge to be likewise determined, find the 
latitude of the Observatory at Cambridge. Why is this method 
more accurate for stars near the zenith than for those which are 
not so ? 

3. A horizontal dial is constructed for a given latitude ; in what 
latitude would it serve for a vertical south dial ? 

4. At a given place the Sun and a Star are found at nine o'clock 
to have the same azimuth which is observed ; the interval between 
their transits over the meridian is also noted ; find the day of the 
year, and lihe altitudes of the Sun and Star, when they cross the 
meridian. 

5. Explain the construction and use of the zenith sector, and 
how it is applied to determine the error of collimation in mural 
quadrants.. 

6. Supposing no division of an instrument to coincide with a 
division on its vernier^ shew how the defect is remedied by a micros 
meter screw. 

. 7» determine the right ascension of a heavenly body by observft- 
tions on the Sun when near the vernal, and autumnid equinoxes 
(Flamstead's method), and state the advantages of this method. 

8. Shew how the mean daily rate of the clock is to be deter- 
mined ; and in the last question supposing t the apparent ditferenee 
in right ascension of the Sun -aiid- -Star on a day when + r is the 
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daily rate of the dock^ and f the apparent didbrence on the day of 
the second oheervation when -* / is the daily rate ; shew how i and 
Z' are to be eorrected. 

9* Explain the method of computing parallax by observations 
made by two observers in given latitudes on the same meridian. 
What correction must be applied^ if the observers are on difierent 
meridians? 

10. Prove that the annual precession in right ascendon is 
5(f'A (cos./ + sin./. sin, right ascension . cotan. north polar distance) 
(/ being the obliquity). Would n times the above expression be 
the precession for n years^ n being considerable ? How might the 
precession for any considerable period be accurately computed ? 

11. Prove that cot.P = cos./. cos./ . secL — sin.Z. tan.Z. 

P being the angle of position^ / the oblioluity of the ecliptic^ L and 
/ the longitude and latitude of a star ; and supposing a small error in 
determining /, find the error of P. 

12. State the elements of a planet's orbit; and shew how the 
longitude of the aphelion^ and the time at which the planet is in the 
aphelion may be determined. 

13. Investigate the following formula for computing the time 
of the Moon's transit over the meridian : 

Time of transit ^t-\ — -r — . t + ( — 7-: — ) . ^* + &c. 

24 \ 24 / 

t being the difference of right ascension of Sun and Moon on the 

preceding day at noon« a and A their diurnal ini^rements of right 

ascension. 

14. Prove that the quantity of aberration = c X sine of the 
Earth's way (c being some constant quantity )> and shew how Bradley 
determined the value of c. 

15. If p and e be the polar and equatorial diameters 6i the Earthy 
E and L the lengths of a degree <^ the equator and of a curve per- 
pendicular to the meridian in latitude (/)> 

e^ JSsiu.2/ 
the ellipticity being supposed small. 
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1. The sum of tb^ sides of a polygon described on the surface 
of a sphere^ the sides being arcs of great circles^ is less than the cir- 
cumference of a great circle. 

2. Solve that case of quadrantal triangles in which the comple- 
ment of one of the sides is the middle part. 

3. If A' be the angle contained between the chords of an isosceles 
spherical triangle^ and A the spherical angle^ then 

.A' A b 

sm.— : sin.— : : COS.- : radius, h being one of the equal sides. 

/b /i <Z 

^ Having given two angles and the included side^ find the third 
angle in a form adapted to logarithmic computation^ without first 
finding the other sides ; and apply your formulae to find the third 
angle in a triangle, two of whose angles are 131° 30', and 5V S(f 16", 
and the included side 80° l6'. 

5. Prove that the orthographic projection of a circle on a plane 
inclined to its own plane is an ellipse. What must be the inclination 
of the plane that the area of the ellipse may be half that of the 
circle. 

6. The diameter of any small circle of the sphere, perpendicular 
to the primitive, projected stereographically, is equal to twice the 
tangent of its distance from the nearest pole. 



St. JOHN'S COLLEGE, 1824. 

1. In a spherical triangle express the cosine of an angle in terms 
of the sines and cosines of the sides. 

2. If the sides of a spherical triangle be a, h, c, and (d) be the 
length of an arc which bisects the angle (C) and is terminated in 
the opposite side (c), 

, C sm.(a + h) tan.df • j j * * ^• 

then COS.— = . , — 7 — . Requured a demonstration. 

2 2 sin.a sm.6 

3. In the stereographic projection of a great circle, prove that 
the tangent of any arc terminated at the plane of projection, is pro- 
jected into a straight line of equal length. 

[Supp. P. II.] L 
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4. If at noon tli8 Son b derttod 45^. 6%' above die horiicm^ and 
at midnight depraned 119^. 58^ balow it | what it its dadinatkm, and 

the latitude of the place ? 

- 5. Given die Sun'i aiimutfai and the hours of the day^ at a place 
whose latitude is known^ investigate formuls by which his altitude 
may be determined. 

6. Shew that on the day of riiortest twilight the Sun's asimuths 
at the end and beginning of the crppusculum are supplements of 
each other. 

7* Having given the di0efenoe of altitude of two known stars 
when upon the same vertical whose asimuth is also given : determine 
fimn thence the latitude of the place* 

8. Deduce expressions for the aberration of a given star, in north 
polar distance and right ascension^ on any given day. 

9. In any proposed latitude^ having given the angular distance 
of two hour circles from the meridian, it is required to find what 
must be the declination of that star whose variation in altitude 
during its passage from one hour circle to another shall be the greatest 
possible* 

10. Explain fVom whence the equation of time arises. 

1 1 . State clearly the origin and extent of lunar librations. 



St. JOHN'S COLLEGE, 1825. 

1. If a, B, C, be the angles, a, b, c, the opposite side of a 
spherical triangle^ b, c, and C being given ; determme i^ by a mode 
adapted to logarithmic computation. 

2. If a and b are nearly equals and a =: ^(a + b), 

a=:a + tan.« tan.^(il — B) cot^ (A + B) very nearly. 

3. Find the radius and place of the centre of a given circle stereo- 
graphically projected. 

4. In a given latitude^ find the angle which the diameter of the 
Earth makes with the plane of the equator. 
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5. Two known circumpolar stars are observed to attain their 
greatest azimuths at the same instant on a given day ; hence find 
the latitude of the place and the time of ohservation. 

& Find when a given star rises bdiacally. 

7. If the refraction = a t&n.s + b tan*^«j n being the appiMit 
xenith distancei determine the coefficienta a and b horn ohsemticm. 

8. Explain dearly the cause of the erm of ttbemtionj and find 
the coefficients of abefTatioll furiiing fSfom tho Earth's Oolioa itt ita 
orUtf and from the rotation round its axis* 

p. Vtcm what obiermtlimi dots it ippM tlial the Buth's' orUt 

is an ellipse ? -^ 

10. Find the inclination of t}ie Sun^i axis to the ecliptic^ from 
obienratiglisAiade on the lame spot of iti disk, . 

11. Find the length of a tropical^ a sidereal, and an dnomalistio 
year, suppoiing the Sun's mean daily tnotbn In iA^% ascension to be 
59". 50^, and 11" the respective annual motion of the equinox an^ 
apogee* 

12. The heliocentric latitudes of a planet at the time of its tratisit 
over the meridian, on four successive days were 3P* 15' ^ 3^. 2Cf, &*. 1^, 
3^. 9^ ; hence find the inclination of its orbit, supposing the intervals 
between the times of transit e^ual* 

13. The true anomaly (v) may b&4etermined by the area (n^) 
when the eccentricity ip small, by the eq^ations^r^^ ^ . 

tan.(M' — int) sf t^% tan.iwi '^ ^''^ ' 

fU + evf sin.i/ — e sin.t/ 
1 it* e*cos.tft' 

V / /I •*• c\ u 

tto.- = V ( r**-* I • tan.- 
2 ▼ \1 +,€/ 2 

14. State the limits of the number of eclipses that can htipfen 
in the course of a year. 



l2 
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St. JOHN'S COLLEGE, May 1831. 

1. GnrsN the three ades of a spherical triangle ; find the sine 
and cosine of one of its angles. 

2. Given two sides and ^e included angle of a spherical triangle ; 
find the two remaining angles^ and the third side indepeddently, in 
fortnule convenient for logarithmic computation. 

3. If one angle C, and the side opposite c, afti spherical triangle/ 
remain constant, shew that the corresponding variations of the other 
sides are connected hy the equation • 

co6.i^ • id + C0S.J9 . }a = 0. 

4. Find the latitude and hour-angle from two altitudes of the 
Sun, and the time hetween. 

5. Given the latitude and longitude of a star, and the ohliquity 
of the ecliptic ; fiiid the angle of position of the star. 

6. The orthographic projection of a circle is an ellipse ; find its 
semi-axes. 

7. Construct a vertical dial inclined at a given angle to the 
meridian. 

8. Determine the coefficient of refraction by means of solstitial 
zenith distances of the Sun. 

9. Find the azimuth of a terrestrial object. 

10. Find the effects of parallax on the latitude and longitude of 
a known body. 

11. Find the effect of aberration on a planet. Compute roughly 
the Moon's aberration in longitude. Find the coefficient of aberra- 
tion from observations of a star in the solstitial colure. 

12. If the angle of position of a star = 9^ or 270^> the precession 
does not alter its right ascension. 

13. Find the time between two successive transits of a planet. 

1 4. Find the geocentric latitude of a planet at conjunction. 

15. Given the heliocentric to find the geocentric place of a planet 
at any time. 



COS.- 1 » — - J ass COS.- . sec5c: 

n 2 
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16. Find the lunar ecliptic limit 

17* Given the mean anomaly^ to find the true> in orbits of smaU 
excentricity. 

St. JOHN'S COLLEGE, May 1831. 

1. The sine of the arc, which is drawn from the right angle of a 
spherical triangle perpendicular to the hypothenuse, is a mean pro- 
portional between the tangents of the segments of the hypothenuse. 

r 

2. If (a) be one of the (n) sides of a regular spherical polygon, 
its surface {S) may be found from the equation 

3. A ship's longitude is 112^.45' east of Greenwich, and the 
apparent time is 5**. 16*°; find the apparent time at Greenwich. 

4. The latitude (x) and longitude (/) of a star are such, that 

tan.X = 9, tan.Ar . sin./ ; 
determine the orthogonal projection on the ecliptic of the locus of all 
such stars. 

5. Given the difference of the greatest and least azimuths of the 
Sun at rising, determine the latitude of the place : and shew, that 
for all places on the equator this difference equals twice the obliquity. 

6. Explain how the deviation of the plumb-line from the vertical 
may be determined by observations on a star, made at the north and 
south points of the base of a mountain. 

7. If A = north polar distance of the polar star, and (a) its 
altitude at an hour angle (A), the latitude of the place of observation 

as a — A COS.A + ^ A^ sin.^ A tan.a. 

8. Investigate Littrow's method of finding the refraction. 

9. Explain Hadley's Sextant. By what alteration in the position 
of the horizon-glass may an angular distance greater than 120^ be 
observed ? 

10. The equations to the locus of all stars, whose aberration in 
right ascension and declination ss 0, when the Earth's longitude 
is «, are a;* + ^2 4- 2* = 1, 

zy — a; ss (so; + y) tan.«, 
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the stars are referred to the sathee of A iphere (radfaiB «: l)i the 
plane of o^y lies in ib« ediptio, and the line of equinos^ i$ assumed 
as the axis of x. 

11. Investigate an approximate formula for determining the 
longitude of a pUoe by ohienraliona on the Moon's transit over the 
meridian. Why in determining the longitude at sea would the 
resultid ohUined by dearing the Sttn'ii distanoe ftom a fix«d fttari be 
leu aecumte than thow obtaibed from the cxminum tileihdd ? 

12. An accurately gftiduated horL^ofital dial is fijced with a siiiall 
•frot (4) fal ttiilftitlth I find the ettat f(ft Any given hdu^-ltne ; iind 

shew that at 3 o'clock, the error = ri nearly, where 

l+2tan.2/ -^ 

/ 8s the latitude of ihe plaiS6. 

lA Oifen the dedinatlotis of a plandt at 11 o'ddek cm the l$th, 
24thj S9th of May, and the 8td, and 8th of June tn 48^, 1** 2ff, 
^ If^, &* %\ 40 13" leipecdvely i hxA the dedinatioti lit \t o'dod 
on the 31st of May. 



S*. JOHN'S COLLEGE, May 1832. 

1. Prove that any two sides of a spherical triangle taken together 
ftre greater than the thti^ 

2. State and prove Napier's lEtules for the solution of right-angled 
spherical triangles, when one side is the middle part. 

3. Given two angles and the induded side of a spherical triangle ; 
find the remaining sides and angle, in forms adapted to logarithmic 
computation. 

4. When the vertical plane iki which a transit instvumeBt moves, 
nearly coinddes with the meridiaui find the deviation* 

5. If a, /, be respectivdy the right ascension and longitude ctf the 
Sun, and m the obliquity of the edlptie, invetdgate the foUo^ng 
series fof the reduction of the ecl^tio to the equMor : 

l-^a^si tan.*- . 8in.2t -^^ | **Jl«*S ^^*^ + &c. 
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6. Find the time from an observed altitude of the Sun ; and 
having given a small error in the observed altitude^ find the oorres* 
ponding error in the computed time. 

7« Find the length of an arc of the meridian on Mercator's pro- 
jection, supposing the earth sphericaL 

8. Construct a vertical south dial. 

9. Explain the effect of refraction oti the place of a heavenly 
body ; and shew how the refraction may be corrected for any change 
in the thermometer and barcnueter. 

10. Find the parallax of a heavenly body by obaervfttioiui made 
in the plane of the meridian. 

11. Find the precesiion of a given star in right ascension and 
dedination. 

12. Shew that the oui^re which the Earth describes rontid the 
Sun is an ellipse ; and find the relation between the true and mean 
anomalies* 

15. Find a planet's distance fVom the Ann, and the aifgument of 
latitude at the time of conjunction* 

14. Explain the Moon's libfatlons ; and the phenomenon of the 
harvest moon. 

15. Find the time, magnitude, and duration of a lunar eclipse. 

St. JOHN'S COLLEGE, May 1832. 

1. Xp Y, Z Bxe any three points on the suiffaoe of a sphere; 
P, Q, R any three points in a great drdo of the sphere s prove that 
CO S.PX. COS.QF— co8.Pr. cos.QX cos.fi F. cos.QX — cos.i?X. oos.QF 
go8.PK.cos.QJ?— COS. P2.cos.CiF cos.iZZ.Cos. QF— COS./2F.C08.QZ 

S. QRis the stereographic projection of a great circle, P the pro- 
jection of its pole ; PQq, PRr straight lines meeting the primitive 
in fi r : the arc ptqjeoted into QR is meavuted by qf» 

3. Find the equation to Mercator's projection of the ecliptic, the 
projection of the equator being the axil of Jf> and ^ the origin of 
co-ordinates. 

4. On a given day, ^t a giVen plaee, the Sun's light is reflected 
to the south point of the hoi^on : find the relation between the 
N.P.D. and hour angle of a normal to At ffliilror at aiiy time. 
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5. The Moon shines on 1i sun-dial : having given the hour line 
on which the shadow of the style rests> and the time when the Moon 
crosses the meridian ; find the solar time. 

6*. Deduce the coefficient of refraction from the greatest and least, 
zenith distances of the same drcumpolar star, ohserved in places 
having different latitudes. 

?• Find the Sun's aberration in longitude when seen by an ob- 
server in the Moon. 

8. Having given the north polar distance of a planet, and tbs 
daily variation of its north polar distance ; find the planet's hour 
angle when its zenith distance is a minimum. 

9. Having given the time between the superior and inferior 
transits of the pole star when viewed directly, and the time between 
its superior and inferior transits when observed by reflection from 
the surface of mercury: find the angle between the great circle 
described by the optic axis of the transit telescope and the meridian, 
and the zenith distance of the point in which it cuts the meridian. 

10. S 18 the focus, C the centre, and A the apse of an ellipse ; 
^Q a circle having Cfor its centre, QPM perpendicular to ^C, 
QTR perpendicular to CQ meeting AR the involute of AQm R, 
ST parallel to CQ. The time of describing AP, round a centre oi 

force (f*) at S, is equal to y f ) TR. 

11. iS is the Sun, E a planet describing a circle, P a comet de- 
scribing a parabola (vertex A) in the same plane. The comet wil! 
appear stationary to an observer at E, when 

(^y COS.SEP « -v/2 . (cos.^ PS Ay Lin.SEP cos.^ PSA 

^) --{An.SEPyicos.^PSAyl 

] 2. Construct for the places on the earth's surface where a givei 
solar eclipse is visible. 

13. The zenith distance of a comet on a given day at 

2\ 15"» is 37^ 12' 
2 . 49 41 • 10 
3.47 45.13 
find its zenith distance at 2K 31°^, 



-V{( 
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CAIUS COLLEGE, May 1830. 

* 

1. Dbfine — ' rational horizon', ' nonagesimal degree'—^* solstitial 
colure', ' prime vertical' and * zodiac'. 

2. Describe tlie transit instrument, and the mode of adjusting it ; 
and shew how to determine the deviation when its plane nearly 
coincides with the meridian. 

S, Determine the refraction at any zen. dist. (z) in a homoge- 
neous atmosphere, and reduce it to the form r= A tan.(z — nr), 

4. Find the parallax in right ascension, and adapt the result- 
ing formula to logarithmic calciilation by means of an auxiliary 

angle. 

5. Calculate the efiect of precession on the right ascension and 
declination of a star ; in the latter case the effects are contrary on 
opposite sides of the solstitial colure. 

6. Find in general the equation to the aberratic curve, and shew 

that if the centripetal force on the Earth oc — > the curvature of the 
aberratic curve a r*"^. 

7. If t; = Earth's longitude at the time t after its passage through 
apogee, and Ls longitude of apogee, demonstrate the system of 

equations, 

u /I — c V — L 
tan. - = Y ^ ' X tan. * 

T , 

< = — (m — ^ sin.M); where T = periodic time. 

8. Prove that the equation of time vanishes four times a yeai*. 

9- Determine the time of the year when a given star rises helia- 

cally. 

10. If Z) =3 perihelion distance of a Comet, t; = anomaly in time 
(t) reckoned from the passage through perihelion, then 



t = — T- < tan.~ + -- tan.' - h 
ifs/^ L 2 3 2j 

where T s: sidereal period of the Earth. 
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11. Prove that the length of the Moon's shadow in a solar 

*^'~ P *sin.(r — wip) 
P, p being the horizontal parallaxes of the Moon and Sun, r = ap. 
parent semi*diameter of the Sun> m = the Moon's radius, that of the 
Earth being unity. 

12. Determine the phases of an opaque heavenly body illuini- 
natod by the Sun's rays. 

13. Shew how to determine the Sun's parallax by observations 
on the transit of Venus. 

14k Find the stereogtaphio ptq)eotioas of a plane section of the 
Earth's surface considered first as a sphere^ second as a sphered, the 
eye being at the pole. 

15. State the principal phenomens^ from which the Earth's atititisd 
motion is most itrongly inferred. 



PEMBROKE COLLEGE, Junjb 1832. 

1. E^ilXBS the sine and cosbe of an angle of a spherical triangle 
in term of the stdest 

2. In any spherical triangle 

m ^ ^ .^v co8.i.(a— &) C , - , , . ^ 

tan4 (il + B) i« — \f fv cot. - : also having given «, 6, C, 

find c immediately in a form adapted to logarithmic computation. 

3. If d be an arc of a great circle bisecting angle C of a spherical 

triangle and teJrminated by the base, then will 

2 sin. a. sin. & C ,. ,« . ^ , 

tan»0 = -,— V — — *. COS. — : prove this, and from it deduce the cor* 
sin. (a 4* o) ^ 

reHpOndidg expression in a plane triangle. 

4«. When the Greenwich time is 3^". ^^\ 47". p.m.j the time itt 
another place is 11^. 5^« 45'^ A.lf. \ find its longitude. 

5. If bd the maximum difference between the true latitude of 
ahy place on the Earth's surface, and the latitude of the same place 

referred to the centte, then will tan. fl ;= — t~t— 
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6. State the different methodi of finding the compreaiicm of the 
Earth. In what way is an arc of the meridian measured^ and what 
latitudei should he selected for the purpose. 

7' Find the latitude of any plaee from observing the times of 
risbg of two known stars. 

8. Stpkiit the fellowlflg phenomena c 

The different lengths of day and ni^t« 

The'change of seasonst writing them down in order of length . 

The Harvest Moon and the Moon's phases. 

9- Find in what latitude the ratio of the lengths of the shadows 
of the same vertical lodj at noon on the longeit and shortest days, is a 
maximum. 

10. Find the dtltatfott of iwQighi M a given day at a given 
plaee i find also the time of year when it Is shortest 

11. Explain the calendar having given the length of the tropical 
year = 365*^. 5^. 48*. 51" -6 : on what day of the week will the first 
day of the year 2ll7 he? 

12. If m be the maximum lunar nutation of a given star in right 
ascension, I the corresponding longitude of the Moon's ascending 
node, then when the longitude of the node equals f the nutation will 
he m cos.(f — t), 

13. Given m == u — e dn. u, the relation between the mean and 

eccentric anomaUes, and tea|a» V (B;)-*""-? *"'^*^ '*" 
tweett the tme and eceentrlof find • in terms of m as ftf as e'. 

I4i £numetate the different methods of finding the longitudci 
tod find it by the transit of the Moon over the ineridian< 

15. The orbit in wliich the Earth moves is a parabola^ the fatce 
acting in lines parallel to the axis» find the curve of ^ fixed starts 
aberratioii. 

l6$ What is the fimn of iho thtee pirineipia eqiiatldtts of the 
Moon's motion ? In finding u in terms of to the second otder iti 
the lunar theoryi state the form of thoie tenns of the third order that 
must be considered. 
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17. The Sun's declination, Sept. 19> at noon was ... 44'.3e^ N. 

20, 2(/.56" ^ 

21, 2'.45" S 

22, 26 ,27" ^5. 

Find when the Sun was in the equator. 

18. Enumerate the arguments for the revolution, rotation and 
rotundity of the Earth. 

19* Describe the nature and use of the Vernier and micrometer 
screw. 

SIDNEY SUSSEX COLLEGE, May 1829. 

1. Suppose a meridian line to be drawn on a horizontal plane, 
by bisecting the equal shadows cast upon it, before and after noon, by 
a vertical gnomon : shew that from the longest to the shortest day 
this line deviates from the true meridian line, towards north-west 
and south-east ; and in the other half year, towards north-east and 
south-west ; and find the deviation. 

2. Find the latitude of the place, having given the meridian alti- 
tudes of & known circumpolar star : 

(l). When the star's parallel of declination crosses the prime 
vertical; 

(2). When it does not cross it. 

3. On a given day let two altitudes of the Sun and the elapsed 
time be observed : find both the latitudes which will satisfy these 
.data ; and shew by what additional data the ambiguity may be re- 
moved. 

4. Describe on the concave surface of the heavens the apparent 
path of the nonagesimal degree of the ecliptic above the horizon of a 

. given place, during one revolution of the Earth : find its limits of 
altitude, and the corresponding azimuths ; its limits of azimuth, and 
the corresponding altitudes : find also the time which it occupies in 
passing from one limit of each to the other. 

5. On a given day, at a given place, find the mean time of tlie 
risbg and setting of a known star. 
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6. At a given {dace between the tropics, in north latitude, find 
the time on the morning of the longest day, when the Sun is directly 
over that point of the horizon, on which he rose. 

7. In a given north latitude, on a given day, find the hour when 
the Son's azimuth from the south is equal to the hour-angle from 
apparent noon. 

8. Find the efiect of the lunar nutation on the right ascension of 
a given star. 

9. Explain the aberration of the fixed stars ; and find the aber. 
latic curve, supposing the Earth to oscillate in a cycloid. 

10. Fuid the greatest equation of the centre, in an elliptic 

orbit 

11.' Find whien that part of the equation of time, which arises 
from the obliquity of the ecliptic, is nothing, and when a maximum ; 
when it is additive, and when subtractive. 

12. Cviven three geocentric observations of a comet, find its helio. 
centric and geocentric distances. 

13. Explain fully the changes which take place in the phases of 
the Moon. 

14. Find the lunar and solar ecliptic limits ; and the greatest 
and least number of eclipses of each kind, which can happen in a 
year. 

15. Find the times of the beginning and ending of an occultation 
of a given star by the Moon : 

ri). As seen from the c^itre of the Earth ; ^ 

(2). As seen from a given place on its surface. 

16. Given the apparent distance between the centres of the Sun 
and Moon, and their observed altitudes : find the true distance ; and 
hence find the longitude of the place of observation. 

17* Explain the stereographic projection of the sphere : and find 
the centre and radius of the projection of a given great circle. 

18. Construct a vertical south-west dial, for a given latitude: 
and find how long, on a given day, the Sun can shine upon it. 
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19. Find the time of equinox, atid t&e laliliifle of tiM {dao^ tm 
the Mbwing data t 

1829. Sun's Snn'i 

March. Longitude. Meridian Altitude 

19* at Noon ... IP . 28o . SgT . 10" 9T \ 5^ . 1(/' 

20 11 .29 .38 .40 38 .22 .51 

21 . . 38 . 8 ...... 38 . 46 . 31 

n . 1 . 37 . 34 ...... 39 . 10 . to 



SIDNEY SUSSEX COLLEGE, Mat 1830. 

1. StATS concisely the arguments in fhvotdf of the dhmud ttid 
annual motions of the Earth. 

0. State what is meant by the Earth's oompreaioa; md find it 
from any two measured arcs of the meridian. 

3. Having given the times of transit of two Imown stars^ find the 
quantity and diraotion of the error of the transit instrument bm 
the plane of the meridian. 

4. Explain the use of the Vernier and Micrometer. 

5. When the latitude is found at sea from two altitudes of the 
Sun and the time between^ correct for the ship's change of place be- 
tween the observations. 

6. Given the lengths of the shadows^ cast on the horizontal plane 
by a vertical tower at noon, on the longest and shortest days : find 
lihe latitude of the place* 

7. Any two of the four quantitie£l><*-«obliquity of thd OoUptie) 
Sun's longitude, right ascension, or deolination,««->being givefti inves" 
tigate equations for determining the other two: and shew which of 
the cases will admit of two answers. 

8. Find the mean time of the transit of a planet whose motion is 
retrograde. 

9. The latitude of the place being known : 

(1). Find the days on which the Sun rises with a givep 
azimuth. 

(2). Find the limits within which the azimuth must be 
given. 
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10. At a given place^ on a given day, at a given hour, let the 
great circle which joins two known stars be produced to cut the 
horizon : find the points and angles of intersection. 

11. Find the change in the refraction at a given altitude, depend- 
ing on the barometer and thermometer. 

12. The mean right ascension of the star a Aquil^ for the year 
1830 is 19**- 42"». 29» '3if, and its north polar distance 81°. 3*'. 36" '7. 
Find whether its meridian altitude, at a given place, will be greater 
or less this day next year than it is to*day: shew how the mag« 
nitude of the variation may be computed. 

13. On a given day find how much, and which way, the right 
anoensiofi of a known star is aflfected by ttbemtion i and oil what 
days the effect is nothing or a maximum. 

14 Given thd mean anomaly of a planet ; find its Wie aftcmialy. 

15. The orbit of a planet being supposed a circle, whose radius 
is known neftrly ; approximate to the mie radius. 

1 6. dirsn Ihe sjmodio time of a superior plahet ; find its periodic 
time. 

17* A planet is a morning star, and stationary : when it begin 
to movo again, find which way it will move : 

(1). Suppoling it an inferior ; 
(3). Supposing it a superior planet. 

18. Find the eccentricity of the lunar orbit. 

19. In the year 1823 there were seven eclipses, and the first was 
flu ecUpie of the Sun : state the others in the order in which they 
happened, and as near as you can the times of the year at which they 
happened. 

S0« Crif en the periodic times of the Earth and Venus, equal to 
365*256 and 224*7 days, respectively, find the periods at which 
transits of Venus may be expected to recur. 

21. Construct a horizontal dial for a place on the equator. 
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SIDNEY SUSSEX COLLEGE, May 1831. 

1. Definb the latitude of a place on the Earth's surface : by 
what angle within the Earth is it measured when the Earth is a 
sphere, and by what angle when the Earth is a spheroid ? Find the 
latitude from two equal altitudes of the Sun observed before and after 
noon. 

2. Supposing the Earth an oblate spheroid, find its radius, at any 
point, in terms of the latitude. 

3. Investigate Flamstead's method of finding the right ascension 
of the Sun. 

4. Investigate the reduction of the ecliptic to the equator in terms 
of the lon^tude. 

5. Find the altitude and azimuth of a known star when that arc 
of the vertical circle passing through it which is intercepted between 
the star and the ecliptic, is a minimum. « 

6. Explain the differences between sidereal tithe, true solar time, 
and mean solar time : find the length of a sidereal day in mean solar 
time, and that of a mean solar day in sidereal time. 

7. At a given place on a given day, find the time and place of sun- 
rise, the length of the day and night, the Sun's meridian altitude and 
midnight depression. 

8. On a giv6n day at a given place, find the spherical area swept 
out by the arc ZS from sun-rise to sun-set. 

9. On a given day at a given place, the true time is to be found 
from observing the Sun's altitude : find at what time in the morning 
the observation must be made, so that a small error in the observed 
altitude may have the least effect on the result. 

10. On a given day at a given hour, let a globe of given radius be 
suspended in the air : having given the dimensions of its shadow cast 
by the Sun on the ground, find the latitude of the place, and the 
direction of the meridian line. Determine under what circumstances 
this problem admits of two answers. 
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11. Explain the construction and use of the transit instrument^ 
and shew how to adjust its axis and line of coUimation. 

12. Investigate Brinkley's formula for the refraction, the atmo« 
iphere heing homogeneous. 

IS. Explain the nature of parallax, and its effects on the hour 
angle and declination of a known hody. 

14. Find the aberration of a given star in declination : and trace 
the changes, arising from this cause, in the meridian altitude of the 
star, throughout the year. 

15. Explain the terms ^ Mean Anomaly' and ' True Anomaly :' 
and having given the mean anomaly, find the true. 

16. Shew when that part of the equation of time which arises 
from the obliquity is additive or subtractive. 

17. The orbits of the Earth and planets being circles, shew when 
an inferior or superior planet will appear stationary, when to be moving 
direct, and when retrograde. 

18. Explain the Moon's librations in longitude and latitude, and 
account for them. 

19. Compute the time of a solar eclipse at a given place. 

20. Explain fully the process of finding the longitude by observing 
the distance between the Moon and the Sun or a fixed star. 

21. Explain the stereographic projection of the sphere ; and shew 
that the angle between any two circles on the surface of the sphere is 
the same as that between their stereographic projections. 

22. An horizontal dial constructed for latitude / is fixed in a place 
whose latitude is 1+ d,B be\ng small when compared with / : find 
the correction, which must be applied to the time shewn by the dial, 
in order to obtain the true apparent time. 



[Supp. P. II.3 



NEWTON, 
CONIC SECTIONS. 

TRINITY COLLEGE, 1821. 

1. EzpuLiN the method of indivisihlefl, aad oompwe the aveaof 
a parabola with that of the cixcamacribing pexaMogranij by that 
method. 

2. Prove that the ultimate ratio of the chord| aroj and tangent, is 
a ratio of equality. 

S. Shew that the curvature of the semi-cubical parabola is infi« *■ 
nitely greater^ and that of the cubical parabola infinitely less, than 
that of the common parabola. 

4. Compare the forces to two points within a circle, the periodic 
times being supposed different. 

5. Find the variation of the force when the body moves in an 
ellipse, the force acting in a direction parallel to the ordinates. 

6. Find the horizontal velocity in a cycloid, when the force acts 
parallel to the aids. 

7. When is the paracentric velocity a maximum ? In what point 
of all conic sections is it so ? Does it admit of a maximum in a oircle, 
the centre of force being in the circumferenoe ? 

8. Shew fully that if a body move in a logarithmic spiral, the 
force oc jrz; and compare the time of describing this spiral with that 

of describing a circle at distance SP. 

9. Investigate the relation between the centripetal and centrifugal 
forces, the equation to the curve in which they are equal, and the law 
of force by which it will be described. 

10. Shew that round different centres, the periodic times in all 

1 



ellipses a 
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11, Required the law of force in a parabola. 

12, Determine that point in an ellipse^ force in focus^ in which 
the velocity is an arithmetic mean^ and also the point in which it is 
a geometric rnean^^ between the velocities at the greatest and least 
distances, 

13, Force of gravity oc j^* given the periodic time of the 

Moon, and her distance from the Earth | required how far a body 
fUls in l'^ at the Earth's surflsce. 

14* The rectangle contained by two perpendiculars drawn bom 
the fod of an ellipse to the tangent at any point^ii equal to the square 
of the semi-axis minor. 

15. To draw a tangent to any conic section from a given point 
without^ which is not the centre of the hyperbola. 

16. In an ellipse whose eccentricity is small, the increment of the 
radius vector^ in moving from the extremity of the axis minor to that 
of the axis major, varies as the square of the sine of the angle through 
which it has passed. 

17f To find the curve that cuts any number of similar concentric 
ellipses at right angles. 



TRINITY COLLEGE, 1821. 

1. Stat9 the reasonings by which the following propositions are 
established : 

(1). That the planets with their satellites gravitate to the 
Sun ; the satellites to their planets, and the Moon to the Earth. 

(£)• That the force acting on the same body in different parts 
of its orbit, and on different bodies in different orbits, round the 
same centre of force, varies inversely as the square of the dis- 
tance from that centre, 

2. Prove ftom the equations X + ^ = 0, »nd ^ + ^ = 0, 

that equal areas can only be described in equal times round a point, 
when the forces acting on the body tend to that point. 

m2 
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3. If the force vary as 7, find the time of fallinir into tk 

(Dist.)^ 

centre. 

4. If a chain of great length be suspended at the top, its lower 
end touching the earth, and then be let fall, find the velocity of the 
chain. 

5. Find the velocity and time of a body's descending in an evan« 
escent ellipse towards the centre of force placed in the fociw; and 
supposing two bodies to descend, one in an evanescent ellipse, and the 
other in a right line, how will each move after it has reached the 
centre? 

6. If BDA be a parabolic arc described by a comet round the 
Sun in the focus C, and P equal the periodic time of the Earth, 
her mean distance being 1 ; then the time of the comet's describing 

the arc BDA = -^ { (a + 6 + c)* - (a + * - c)^}. 

7. If two bodies moving, the one in a curve round, and the other 
in a straight line passing through the centre of force, have equal 
velocities at any the same distance from the centre, they will have 
equal velocities at all other equal distances. 

8. If the force vary as p=r; — -j 

a = distance of projection from the centre, 
P ss perpendicular on this direction, 
velocity of projection = velocity in a circle at that distance X q \^2, 

X = radius vector, 
9 = angle described. 

Then prove that rfO = — -7 7- — ^—rr — r-^^ and shew 

'^ arVi'W? ~ (1 — 9 )«^ "-|> 9 } 

that this is an equation to a conic section. 



9. In Prop. 45 it is said, that orbits have the same figure when 
the forces by which they are described are made proportional at equal 
distances : Prove this ; and shew that no curve described by a force 
varying as any power of the distance, can have more than two dif- 
ferent values of the apsidal distance. 
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10. If the force be cdnstanty and the eccentricity of the orbit in- 
definitely greats prove that the angle between the apsides = 90°. 

11. Prove that the time down any arc of a hypocycloid, beginning 
hem the highest point, is proportional to the arc of the generating 
drde which is cut o£f by the string. 

12. If a body, urged by a centripetal fcrce, move on a curve 
surface |whose axis passes through the centre of force, and if the 
path described by the body be projected on a plane perpendicular to 
the axis, shew that the projected area is proportional to the time. 

13. If a body oscillating in a very small circular arc, have a very 
small motion communicated to it, when it is at its highest point, in a 
direction perpendicular to the plane of vibration, shew that it will 
describe a curve differing insensibly from an ellipse, and that its oscil« 
lations will be very nearly isochronous. 

14b Let P and p denote the periodic times of a planet, and its 
satellite respectively s the sine of the angle under which, at the planet's 
mean distance from the Sun, the mean radius of the satellite's orbit 
is seen, then the quantity of matter in the planet is equal to 

jr' . — + Is^ . —J nearly, the Sun's mass being 1. 

15. Find the effect of the Moon in disturbing the motion of the 
Earth round the Sun, and shew that the force, urging the centre of 
gravity of the Earth and Moon towards the Sun, follows much more 
nearly the law of the inverse square of the distance than that 
which urges either of those bodies. 

16. From the mean angular motion of the nodes of the Moon's 
orbit, deduce those of the satellites of Jupiter. 

17. If a corpuscle be placed any where within a hollow cylinder, 
extended infinitely both ways in the direction of its axis, the attraction 

to each' particle varying as TjjyTTs* V^^^ *^** *^ will remain at 

rest. 

18. If in an oblate spheroid of small eccentricity b be the polar 
radius, i + c the equatoreal> and f the angle which a semidiameter 
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nmkes with the axis; shew Umt the attraedon oa a point al the ex- 
tremity of this semidiameter is equal to — •{ ^ + TI (^ "" an.^p) >• 



19. If a corpuscle of lights morifig in a given direcdon) witha 
given velocity^ be attracted towardi a refracting medium tennintted 
by a plane surface^ by a force varying according to any power of the 
distance from it^ find the equation to the curve which it describes, and 
shew that the sine of the angle of incidence is to the sine of the angle 
of refraction in a given ratio. 

20. If the Earth were an homogeneous fluid mass, revolving 
round her axis, and gravity tended to the centre, and varied as the 
distance from it, prove on Newton's principle of all columns extending 
from the centre to the surface being in equilibrium, that her figure 
must be that of an oblate spheroid. 



TRINITY COLLEGE, 182«. 

1. txf^LAts the principles of the methods of exhaustions, indi« 
visibles, and limits. State accurately the meaning of the expression 
" ultimse quantitates,'* as used by Newton ; and show that the results 
he obtains by the system of limits are not approximately but strictly 
true. 

2. Determine 1st., By the method of Exhaustions the value of 
the area of a circle. 2dly., By the method of Indivisibles the 
ratio between a sphere and its circumscribing cylinder. 3dly.j By 
that of Limits the ratio between a cone and its circumscribing cy« 
linder. 

3 . (1). Define accurately the circle of curvature. 

(2). PI* being the tangent to any curve PQ, at P, and PV a 
straight line drawn> making any finite angle with PT, determine 
the curve FK whose intersection with PVm F, shall cut off Pt^ 
a chord of the circle of curvature. 

(3). Show that the direction with which F cuts or touches 
py determines the degree of contact between PQ and its circle 
of curtature:«-and that there may be an indefinite number of 
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curvasi touohing at P, to which the drde of which PF is a chord 
will be the circle of curvature. 

(4). Prove that when PQ is a parabola, FKiA a straight line. 

4. '^ The areas round a centre of force are in ihe same plane, and 
propcHTtioDal to the times." Prove the proposition. £xplain the dif. 
fisarence which in the change from polygonal to curvilinear motion 
takes place in the effect of the centripetal force j-^-'-and show thatj 
notwithstanding this difference, BF, (the diagonal of the parallelo- 
gram AC,) may still be used as a proportionate measure of it. 

5. At similar points in similar curves described round a centre of 
force fflittilarly placed, F cc ^, P being the periodic tima 

6. When F a , the latera recta of the orbiu described 

, . .-. (areasd. t.)^ 

round it will a ^— ^ — ^ —» and 

abs. force 

the velocities « V^(;»t.rect.X.l...farce)^ 

X*" on the tangent 

7- Investigate the equation jP sa: — — ^ (where m s± i6^ feet), 

and explain to what units F and V are referred in this and similar 
equations. 

8. Prop. iL Cor. 1. " Si vis sit ut distantia movebitur corpus in 
ellipd centrum habente in centro virlum." Given the velocity and 
direction of a projectile attracted by such a centre of force, construct 
the curve it will describe, and show from the construction that what« 
ever be the velocity, the curve wiU still be an ellipse. 

9. Prop. xiii. Cor. 1. ''Si corpus aliquod quacunque cum velo- 
citate exeat de loco P, et vi centripetft simul a^tetur que sit reciproce 
ut quadratum distantise, movebitur hoc corpus in aliqu^ Sectionum 
Cmiioarttm umbilicum habente in centro virium.^' Consti^uct the 
curve; and shew from the ccmstruction that accordiiig to the ve* 
lodty of ptcjectioti, the curve will be an ellipse, a pai^bola, oft an 
hyperbola. 

10. Determine the law of vai^iation of the angular velocity in 
any curve; and compare thd fliiigular velocity at any point in the 



16B EXAMINATION PAPBR8 [TVllf. 

ellipfie^ (force in the focus^) with the angokr velocity in a cdrde at the 
same distance. 

11. If an tfi^ part of the Earth were taken away^ what change 
would he produced in the Moon's orhit? and in what ratb 
would her periodic time he increased ? the orhit hefore the change 
heing supposed circular. Exemplify in the cases where n = 2^ or is 
greater or less than 2. 

Conies. 

1. If any two ordinates Q CH, q<f terminated hoth ways by the 
curve of a parabola, intersect each other in M, and P, p be respect, 
ively their parameters, prove that QM . MQ! : qM.Mtf :: P : p. 

2. In the ellipse, CD* = SPx HP. 

3. Rectangle under the abscissae of any diameter to an ellipse 

: ord.2 : : CP^ : CD^. 

4. Show that the hyperbola admits an asymptote :-— and that, if 
any line Rr between the asymptotes cut the curve in /2, r at a given 
angle, the rectangle RP X Pr will be invariable. 

5. Any section of a paraboloid not perpendicular to the base is an 
ellipse. 

6. Show that the shadow of the circular horizontal rim of a 
lamp traced out on a perpendicular wall is an .hyperbola : — and the 
height of the flame above the rim, and its distance from the wall 
being given, construct the hyperbola, and determine its major and 
minor axes. 



TRINITY COLLEGE, 1823. 

1 . If a right cone be cut by a plane of known inclination to the 
axis, find the equation to the section, and shew in what cases the 
section will be a circle, an ellipse, an hyperbola, or a parabola* 

2. A parabola and an ellipse being traced upon a plane, find 

(1). The axis of the former* 

(2). The centre and axes of the latter; 
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3. Prove that the equation to an ellipse^ when referred to its centre 
and axes^ is 

And shew that when the co-ordinates are transferred to any system 
of conjugate diameters 2a^ and 2b\ the equation will become 

4. In the ellipse prove 

(1). That fl« + 62 = a^2 + 6^«. 

(2). That tangents applied at the extremities of conjugate 
diameters will form, when produced to meet, a parallelogram. 

(3). That the areas of all such parallelograms are equal. 

5. Find the equation to the ellipse when referred to the focus and 
to polar co-ordinates ^ and thence deduce the polar equation to the 
parabola. 

6. Given the equation to the hyperbola. 

Shew by the transformation of co-ordinates that when the hyperbola 
is referred to its asymptotes, the equation becomes 

fl« + 6s 

7.- If two straight lines intersect within any conic section, prove 
that the rectangles contained by the corresponding segments will be 
to one another in a given ratio. 



TRINITY COLLEGE, 1823. 

1. State the prindple oh which is founded the doctrine of prime 
and ultimate ratios ; and determine the ultimate ratio of an h3rperlxKi 
loid to its circumscribing cylinder. 

2. The homologous sides of similar curvilinear figures are pro- 
portional, and the areas are in the duplicate ratio of the homologous 
sides. 

34 Prove that the chord, the arc, and the tangent, in curves of 
continuous curvature, are ultimatdy equaL 
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4. Define force, absolute force^ accekrating fotce^ centripetal^ and 

centrifugal force ; periodic time. What is meant by the periodic time 
of a body moving in a spiral? 

5. The velocities at any points in the orbit of a body, acted on by 
a centripetal force> being given^ to find the centre of force* 

6. (1). If a body describe any curve, and (p) be the perpendi- 
cular from the centre of force on the tangent at the distance (r), 

prove that the centripetal force = A' . —-: {h) being tMrice the 

area described in the unit of time ; hence 

(S). Find the value of the force in the ellipse and hyperbola 
about the focus. 

7. The direction of the force by which a body describes a parabola 
being perpendicular to the^axis, find the law of force. 

8. A body being supposed to move in the logarithmic spiral^ 

(1). Find the space PL through which it must fall, by the 
action of the force at P continued uniformi to acquire the velo* 
city at that point, and 

(2). Shew that the locus of the point L is also a logarithmic 
spiral. 

9. Compare the velocity of a body moving in any curve with its 
velocity in a circle at the same distance ; and prove that at the point 
where these velocities are equal the angle contained between the tan<« 
gent and radius vector is a minimum. 

10* If a body describe an ellipse by a force tending to the centre, 

(1). Find the law of force. 

(2). The actual value of the periodic time ; 

(S). The point at which the centripetal and centrifugal forces 
are equal : and prove that the paracentric velocity at the same 
point is a maadmum. 

11. If a body describe an ellipse about the focus, and at any 
point be projected with its velocity at that point in the contrary 
direction to the force, determine how far the body will recede from 
the centre. 
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12. A body bring projected from a given point witb a given velo- 
city in a given direction^ and acted on by a given force varying 

as TTTTToj find the elements of the curve which is described, 
(dist.)* 

13. The force by which a body describes an ellipse being sud« 
denly altered in any given ratio ; required the alteration produced in 
the orbit. 

14. (1). The path of a body moving in a plane^ and acted on by 
forces in that plane^ being referred to rectangular co-ordinates> 
shew that the equations of the body's motion are 

X and Y denoting the sum of the forces in the directions («) and 
(^) respectively. 
And thence prove 

(2). That when the body is acted on by a central force^ the 
sectorial areas described are proportional to the times. 



TRINITY COLLEGE, 1824. 



1. A TANGENT to a parabola at any point bisects the angle 
contained between the focal distance^ and a perpendicular on the di- 
rectrix. 

2. if any two chords of a parabola intersect each other^ either 
within or without the curve> the rectangles under their segments are 
to each other in the same ratio as the rectangles under the s^ments 
of any other chords which are parallel to the former* 

3. If PG be a diameter in any ellipse ; CP, CD semi-cdnjugates, 
and QV a semiM)rdinate to PG, 

PV.VG : QV^:: CP^ : CD^, 

4i If PF be a perpendicular from P on CA 

PF.CDir^AC.BC. 
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5. If » be a normal to any ellipfie whofle semi-axes are a',b; and 
X the angle at which it cuts the major-axis^ 

n=: . 

{a«.cos.2x+ 62.8in.«x}4 

6. In any conic section^ the radius of curvature is equal to the 
cube of the normal divided by the square of half the latus rectUQi. 



TRINITY COLLEGE, 1824. 

1. Describb the experiment upon the collision of bodies given in 
the introduction^ which tends to establish the law according to which 
moving force communicates motion. 

2. State the arguments which Newton employs to defend his 
method of prime and ultimate ratios^ in the Scholium to the first 
Section. 

3. When a body describes a curve by the action of a force pro- 
ceeding firom a fixed centre^ the areas described by the line connecting 
the body with the centre, are in the sam^ fixed plane, and are pro 
portional to the times. 

4. If V be the velocity of a body at any point acted upon by aoy 
number of forces F, F', &c in the same plane, and c, c\ &c. be 
the chords of the circle of curvature drawn through the centres, then 
will v2 = J Fc + i 2^ c' + &c. 

5. To find the forces which must act upon a point, so that it may 
describe the arc of a parabola with a uniform motion. 

6. Calculate the greatest possible height to which materials could 
be piled up above the surface of the Earth, in any given latitude. 

7. Construct for the place of a comet in its parabolic orbit at 
any assigned distance of time from the epoch of its being in the peri* 
helion. 

f). Investigate an expression for the velocity of a body moving in 
an ellipse round the focus ; and shew, from the nature of the result, 
that if another body begin to move freely towards the centre, from a 
distance equal to the axis major, its velocity will always be equ^ to 
that in the conic section at the same distance from the focus. 
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9. Having given the velocity^ distance^ and direction of projection^ 
and suppotdng the force to remain the same at all distances from the 
centre^ ^PP^y the principles of the general proposition in the eighth 
Section^ to find the equation of the radius vector and perpendicular 
upon the tangent in the trajectory descrihed. 

10. Deduce the apsidal equation of the curve in the last question 
by making ABFD — Z^ =r : Prove that it has three real roots, and 
shew to what part of the trajectory the negative apsidal distance must 
belong. 

1 1. Shew that a body may be made to move in an orbit revolving 
round a centre of force in the same manner as another body moves in 
a similar and equal orbit at rest 

12. Give all the steps of the method by whidi Newton proposes 
to trace the path of a body moving on a curve surface^ roimd a centre 
of force situated in the axis. 

1.^. If any number of bodies be acted upon only by their mutual 
attractions^ their centre of gravity will either be at rest^ or will move 
imiformly in a straight line ; and the whole momentum of the system 
estimated in a given direction will always remain the same. 

14. Suppose a central body to attract several others, and to be 
attracted by them, according to the law of gravity, but that the 
mutual attractions of the bodies are neglected. If also, the bodies be 
all equal, or exceedingly small, compared with the central mass, and 
are launched from one point with equal velocities, but in any different 
directions, prove 

(1). that they will all describe the same kind of conic section ; 
(2). the sections will all have the same axis major ; 
(S)« if the bodies do return, there will be a general collision 
of them all, at the end of the same given time. 

15. In a given position of the system of the Sun, .Earth, and 
Moon, investigate expressions for 

(] ). the whole force in the direction of the radius vector of 
the Moon's orbit round the Earth; 

(2). the force perpendicular to the radius vector ; 

(3). the force which acts at right angles to the plane of the 
Moon's orbit 



174 SXAMDIATION PAnRS [TMn^ 

16. If P and p be the poriodio times of tho Efffdi find Moon, tnd 
u be the Moon'i yelodtj in quadraturef ; her yeiodtjr v« when at th« 
angular distance B ftom quadratures, may be found as a first approx* 
imation fiom this proportion, f : ti : : 8p* sin.t^ + S P> : 8 P<« 

17* Prove that whenever the disturbing force tends to elevate the 
Moon 6om the phme of the ediptie, the node advances, and in every 
other case retroato; but that the preponderating tendency of the 
node on the average of a whole revolution is always in ftvour of its 

retreat. 

18. The precession of the equinoxes is explicable on the same 
prlnoipLss u the motion of the Moon's nodes. 

19. Supposbg an error of 1' in the Moon's distance ftom a star, 
as given by the tables, what would be the corresponding error in 
longitude at the equator ? Enumerate the principal equations to the 
Moon's motion, which have been furnished by the theory of universal 
gravitation. 

SO. If equal centripetal forces tend to all the points of a spherieal 
superficies, bat decrease as the squares of the distances increase ; prove 
that a partide situated within the superficies will remain nnalboted by 
their attractions. 

21. Calculate the deviation of the plumbJine fW>m the verticalj 
when a particle at its extremity is attracted to a given acyaoent wj^hBm 
rical mass at the Earth's surface, the law of attraction being that of 
the inverse square of the distance. 

22. If two similar mediums are separated from each other by a 
space terminated on each side by parallel planes, and a body in its 
transit through this space is attracted or impelled perpendicularly 
towards either medium, and is not agitated or hindered by any 
other A)rce ; and the attraction is every where the same at equal 
distances from either plane, taken towards the same side of the 
plane, prove that the velocity of the body before incidence is to its 
velocity after emergence, as the sine of emergence to the sine of in- 
cidence. 
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TRINITY COLLEGE, 1826. 

1. Defiks similar curves^ and prove catenaries to be nmilar. 

2. A body urged by a central force describes au arc of a curve : 
find the velocity of the point in which the radius vector intersects 
the chord of this arc ; and determine at what point this velocity it a 
maximum and minimum. 

S. The times of describing all paraboUc area which are cut off 
from different parabolaa having a common focus by chords passing 
through it> are to (me another in the sesquipUoate ratio of those 
chords. 

4. Find how far a body must fall externally to acquire the 
velocity in an ellipse, both when the centre of force is in the focus^ 
and when it is in the centre of the ellipse. 

5. If a circle be always described passing through the place of a 
oomet in its parabolio orbit; and through the vertex and focus, prove 
that the centre of this circle will have an uniform motion along a 
line which bisects at right angles the perihelion distance. Determine 
also the velocity of this motion. 

6. A body projected in a given direction, with a given velocity, 
antl acted on by the interrupted impulsive action of a deflecting force, 
describes equal areas in equal times round a certain point : prove that 
the force tends to this point, and determine its measure, supposing 
the force to act not at intervals but continuously. 

7f Prove Prop. 39, and its Corollaries, 

8. If the force a r^: — 5, and the velocity of projection be greater 

than that in a circle, find within what limits the angles of projection 
must lie that the curves may continue of the same species. 

9* The difference of the forces by which a body may be made to 

move in the quiescent and in the moveable orbit a =y — ^ from the 
centre. 
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10. If the force oc -7^ , find the angle between the apsides 

in orbits nearly circular. 

11. Find the time of a body oscillating in a hypocycloid ; and 
hence deduce the time of oscillation in a common cycloid. 

12. A sphere fixed to the extremity of a rod of inconsiderable 
thickness oscillates in a circle round its other extremity, the sphere 

being acted on by a force which a =r; — ^, and tends to a point 

within the circle ; find the time of a small oscillation. 

13. Find the deflection of the Moon in 1'^ of time towards the 
Earth, taking into account the Sun's disturbing force, the quantity 
of matter in the Moon, and the centrifugal force arising from the 
rotation of the Earth round its axis. 

14. Two spheres composed of concentric layers of difiarent density 
will attract one another with moving forces, which vary as the pro- 
duct of their masses directly and as the squares of their distances 
inversely. 

15. Shew that the mean value of the addititious force is nearly 

-rr of the Moon's gravity. 
179 • o / 

16. Shew that the problem of the three bodies depends for its 
solution on the integration of the equation 

du 
d^u ^ ^ dO ^ 



^'0' + ^/S^O 



and give the different steps of the solution and the mode of excluding 
all terms which are not periodical from the value of the radius vector. 

17. Explain Clairaut's method for determining the pn^ression 
of the lunar apogee, the cause of his first erroneous result, and the 
method of correcting it. 

18. Shew that there are two forms of a fluid spheroid revolving 
round its axis which are those of equilibrium. 
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TRINITY COLLEGE, 1827. 

r ■ • 

1. State the nature of the angles of contact supposed by Newton 
in his reasonings of the Ist Section^ and shew that between a corn- 
mon parabola and its tangent^ an infinite series of parabolas of a 
higher order may be inserted ; each being infinitely nearer to the 
tangent^ towards the point of contact^ than the one which precedes it. 

2. The spaces which a body describes by the action of a finite 
force are^ at the first instant of motion^ in the duplicate ratio of the 
times. Prove this^ and point out the case in which the proposition 
is true without the limitation. 

S. Having given the force by which a body revolves in a given 
circle round a given point within it^ determine the force by which 
a body may describe the same circle round another given pointy in a 
period which bears to that of the first a given ratio. 

4- Calculate from Newton expressions for the velocity at any 
point of the orbit> when a body revolves in an ellipse^ hyperbola^ or 
parabola. 

5. If a body be projected in any direction with a given velocity^ 
and acted on by a central force^ which is as some function of the 
distance^ its velocity at any distance is independent of the path 
described. 

6. A body moves upon a plane curve ; find the pressure upon it. 

7» Find the least velocity which will cause a body to reach the 
Moon if projected directly towards it from the Earthy and acted on 
by lunar and terrestrial gravity. 

8. Having given the radius of the Earthy considered spherical^ 
the time of its rotation round its axis^ and primitive gravity at its 
surface ; find the sensible gravity at any point whose latitude is X. 
Also the centrifugal force at the equator being now ^^ th part of 
primitive gravity ; find how much the rotation of the Earth must be 
increased in order that bodies in latitude 60^ may cease to gravitate 
towards it* 

9. Find the force by which a body may be made to describe a 
lemnisoata, whose equation is ur = a'^.cos.^O, round a centre of force 

[Supp. P. n.] N 
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in the nodus^ and shew that the time of describing one of the ovals 
= a^ V "> where /a ss force at distance n 1. 

10, A body is projected with a velocity equal to that from 
infinity, and acted on by a foite wWch varies a. i s determine the 

nature of the figure describedi when n is greater^ and also when 
less than 3. 

11. Explain fully the method employed by Newton to determine 
the motion of the apsides in orbits which are very nearly circular. 
Prop. 45. 

12f If the angle between the apsides = 180^ y^ -^ — j ; 

prove the force to vary as j- • 

A. 

13. A body acted on by gravity moves on the surface of a sphere 
in a path which is nearly a circle. Find the horizontal angle be- 
tween the apsides. 

14. A body is attracted towards a centre of force whose intensity 
varies as the distance. Find all the tautochronous lines. 

15. Two bodies M and m, consisting of equal partides of matter, 
attracting each other with forces which are inversely as the squares 
of the distance^ move round each otber^ affected only by their mutual 
gravitation : 

(1). Explain the circumstances of their motion. 

(2). Shew that the thne of m'» revolution =: - . - y --» 

where a » the mean distance of m's orbit, 

16. Shew the effects produced by the disturbing forces on the 
excentricity of P's orbit, when the apsides are in quadratures, and 
whien they are in syzygies. Prop. 66, Cor. 9. 

17. If the force on a body describing an ellipse round the foous 
be increased or diminished by a small quantity ; find the alteration 
produced in the elements of the orbit> and in the periodic time. 
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18. If F a: — , and a particle of matter be placed without a 

splierical superficies, it will be attracted towards the centre with a 
force which is proportional to the inverse square of the distance 
ftom It Prop. 90. 

19- The semi-axes of an oblate spheroid of small excentrldty 
are b and b + c, and the angle between the major axis, and a line 
drawn ftom tbe centre of the spheroid to a point on its surface a p. 
Shew that the attraction of the spheroid on ^ particle placed in that 






M. Find the dtviadon of ih9 phimb»Un« ftom the nvliealj when 
a particle suspended at its extremity is attracted towards a giTen 
homogtutouff iph«re ; the la^igth of the pondulum being in wilder- 
sibld oompsied with the di3tiuio^ whieh is givoQ^ betwetp tho attraOl^ 
ing sphere and the point of suspeMOn* 

ContP Segtiom^ 

1. A eomi is cut by a plane. Determine the eases In which 
the section will be a parabola, an eUipae^ and a hyperbola respec* 
tively. 

9* To find the focus of a given parabohiL 

3. The perpendiculars from the foci upon any tangent to an 
ellipse inteneet the tangent in the dreumference of a circle whose 
diameter is the axis major. Prove this; state the oorresponding 
proposition with respect to the parabola, and shew that it may be 
deduced from it. 

4. In the ellipse the rectangle by the normal PO and the per- 
pendicular PGF upon the conjugate diameter is equal to the square 
ct ludf die minor axis. 

5. If any number of tangents be placed round an ellipse so as to 
form a polygon, the continued products of the alternate segments 
of the aidasi made by the points of contaotj are equal* 

6. If tangents be drawn at the vertices of four conjugate hyper- 
bdaa, tlie diagonals of the rectangle so formed are asymptotes to the 
four curves, 

N 2 



180 BXAWNATioii FArams : [IHri 



TRINITY COLLEGE, May 1831. 

1. The straight line> whicli bisects the angle CQntained by the 
radius vector SP, and the perpendicular bom P on the directrix, is 
a tangent to the parabola* 

2. In a parabola, the rectangle contained by the . parameter to 
any diameter and the abscissa^ is equal to the square of the ordinate. 

S, If the normal to^ any pmnt P ci ^ parabola be produced to 
meet a perpendicular to the axis at the extremity of the subtangent 
in the poiiit 0, then will PO be equal to the radius of curvature 
at P. 

• 4« In an ellipse the rectangle contained by the abscissas of the 
axis major is to the square of the ordinate, as the square of the axis 
major to the square of the axis minor. 

5. In the ellipse .yP X HP = CD*. 

6. In the ellipse, if there be drawn two straight lines KL and 
MN, intersecting one another at xight i^ngles in the point P, and 
parallel to the axis major, and axis minor respectively ; then will 

K0* + LO^ + MOT' + NO^ s: 2^C« + 25C«. 

7. In the hyperbola, the semi-axis miyor CA is a mean propor- 
tional between the abscissa CM, and the distance CT. 

.8. If a stra^ht line touching an hyperbola in a point P, be 
produced to meet the asymptotes in K and L, the triangle CKL is a 
constant magnitude. 

9« The sections of two similar and concentric iemd similarly 
situated spheroids, made by the same plane, are similar and con- 
centric ellipses, similarly situated. 

10. Prove that the ultimate ratio of the arc, chord, and tangent 
is the ratio of equality. Is, or is not this already assumed as true 
for similar figures ? 

11. A body projected from a given point, in a given direction, 
a^d with a given velocity, will, if referred to anptiher given point, 
describe the same area in the same time, whether it be, or be not 
acted on, by a force tending to that point 
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12. Prove the following expressions for the force acting on a 
body moving in a curve : 

2QR 



(0- /= 



2*2 



(2). /= gpTof? ^^^ * *== ^ area m 1 ' 



SY^ X PV 
2«« 



(4). /«^ p^ 

13. Apply the second of the above expressions whei^ a body 
revolves in an ellipse both round the centre, and round the focus. 

14. If the force a distance, a body will describe an ellipse, or a 
circle whose centre coincides with the centre of force. Cor. 1. 
Prop. X. 

15. Find an expression for the angular velocity in any curve; 
and explain the nature and origin of what is called centrifugal force : 

deduce also this expresnon for it's value, via. -^r= 

1 6. The velocity in any conic section, the force being in the 
focus, is ■ ■ ^^ f » where I as latus rectum. 

17« Give Newton's construction for determining the conic section 
that will be described, when the force s ^^ — ^^ and a body is pro- 
jected from a given point, in a given direction and with a given 
velocity. Prop, xvii, 

d^u P 

18. Investigate the equation -^ + « ""T7^ = ^> a^d apply it 

to determiue the law of fcnroe in a circle, the c^tre of force being 
in the circumference. ... 
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TRINITY COLLEGE, May 1831. 

1. How far must a body fell exterhalljr to acquire the velocity 
in the three conic sections, the force b^iiig ill tiie focus ? 

2. Prove that the time of describing tht an^ ASP in an ellipse 
is equal to 

V(s±i>)«»{(,.f)-^(f+9+|^*(|+?)-^ 

\^^g JSP 

when ffl :9t fotto at distanoo 1, 1) an il5, a r-i^-*-^ and < Bs tan.--;-- • 

1 + e 2 

5. t{ the force a 31-731 ^^^ tke velocily of {projection be greater 
than that from infinity^ give Newton's construction for the cunrti 

4. If the force oc Trr;;> a^cl the velocity df projection be that 

from infinity, find the equation to the curve described. 

5., Explain fully Newton's method of finding the angle between 
the apiMes in otbits nearly etfctilar ! and apply it tb th^ liase where 

the force = . Whdt b the ffeAsdli of tH6 aHfeWheSfe df the 

reittlts according as 2* is» or is ilot taktn equal t9 1 ^ 

6. If the force oc di8t.% and i body bd pixiJeeM ftom ati apndil 

distance R, with a velocity such, that its square = (1 — c) X velocity* 
in a circle, the equation to the cUfve described will be 

ga- -77 r-rrarc( vers.= — =r — X) 

^/(»+S) V Re / 

where a; = JZ — r, and x and e ate very small quantities of the isame 
otdei^ ; aiid the satiates atid ptoducsts ^ them d«^ lii^leeted. 

7. To find the time in which a body oscillates in A gtireii liypo^ 
cycloid. 

8. If a body be projected from a given point, with a given 
velocity, and be acted on by forces X, F, Z in the direction of three 
rectangular co-ordinates ; then will the velocity at any other point 
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be the samCf whatever be the path described, provided 

Xdx H- Ydy 4- Zdz 
be an exact differential of a function of three variables. 

Shew that thid will be the case when the forces acting on the 
body tend to fixed centres, and vary aB any functions of the distances. 

9. If a body revolve in an elliptic groove acted on by forces 
lending to the foci^ and to the centre^ the two former varying 
inversely as the square of, and the third directly as the distance : 
find the pressure at atiy point. Prove also that if the square of the 
velocity of ptbjeedoxi be equal to the sum of the squares of the 
velocities which the body ought to have to revolve freely round the 
three centres of force taken separately, it will a^evolve round them 
freely when taken conjointly. 

10. If a body be ptojeeted, at a small anj^e of elevation, in a 
medium where the re^slance varies' as (velocity)^ and gravity be 
constant, find the equaHoli td the tutve described. 

11. Find the law of reostance and density, that a body acted on 
by a force tending to a fii6d centre, and varying according to any 
power of the dhstance, may describe a pven cufve. Apply the result 
to the ellipse, the centre of force being in the focus. 

12. Let there be two concentric spheres, the pwticles of which 
attract with forces varying as any power of the distance ; then will 
the attraction of the inner sphere on any point in the surface of the 
outer : attraction of thd outer 8ph»« on any point in the surface €i 
the inner : : surface of the inner sphere : surface of the outer. 

Also the actions of the entire spheres on the surfaces dE one 
another will be equal. 

13. Find the attraction of the matter contained between the 
surface of the Earth and its inscribed sphere on points in the polar 
and equatorial axis : the Earth being supposed to be an homogeneous 
oblate spheroid of small eccentricity. 

14. If g deOMe the itlio of tiba centrifugal foree at the equator 
to the force of gravity^ prove that whatever be the law of the Earth's 

denuty, its elliptkit^ must lie between the limits | and --^. Shew 

(dso that Newton ^vm mfaitabeii in suppowig dml « greater density 
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towards the centre would be accompaiiied with a greater degree of 
oblateness. 

15. If the attraction to every particle of a sphere a -r; — j, then 

will the attraction of a point which is at a great distance firom it in 

. • . 1 

comparison with the radius of the sphere^ also a —, — r-; r 

oist.* ironi the centre 

very nearly. 

16. Investigate expressions for the disturbing forces of the Sun 
on the Moon^ their orbits being supposed to be in the same plane. 

. sidereal month 

17. Let n as - . * 

sidereal year 

= longitude of the Moon^ 

1 s= force of gravity on the Moon> 
1 s= mean radius of the lunar orbit, 

N s= longitude of the ascending node, 
0^ = horary jnotion of the Moon, 

* 

then will the horary motion of the ascending node 

= — 3n«d . sin.(0 — N) sin.(n« — N) cos.(l — n) d ; 
and the mean motion of the node will 



= -fiVi -— ) 

4 I 2(4 + Sm)J 



2(4 + Sm). 
18. Prove that the following property belongs exclusively to the 

law of nature, where gravitation a ^, — j ; viz. 

That if the magnitudes of all the bodies in the universe, their mutual 
distances and velocities were increased or diminished in the same 
proportion, they would still describe curves similar to those which 
they describe now, and the appearances would be in every respect 
exactly the same. 

TRINITY COLLEGE, June 1833. 

1. If P be a point in a parabola, and QQ^ be drawn parallel td 
the tangent at P, and PF parallel to the axis, QQ^ is bisected in V. 

% A parabolft bebg traced upon a plane, find its axis. 
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5. If a right cone be cut by a plane through bodi dant sideB, 
the section is an ellipse. 

4. If PG be a diameter in any ellipse^ CP, CD semi-conjugates, 
QV A semL-ordinate to PG, and PF a perpendicular upon CD; 
prove that PF X FG : QF^ :: CP^ : CD^; 

also, that PFx CD^ AC X BC. 

5. If tangents be drawn at the vertices of. four conjugate h3rper^ 
bolas, the diagonals of the rectangle thus formed are asymptotes to 
the curves. 

6. If PQ be an arc of any conic section, QB parallel and QT 

perpendicular to the radius- vector, the limit of ^ ■ ss the latus 
rectum. 

7« Prove strictly Newton's fourth Lemma, establishing the pre* 
vious principles. 

8. Define Jimie curvature ; and show that in such curves, the 
subtense is ultimately as the square of the conterminous arc. 

9. If a body, moving in a curve, describes, round a fixed point 
areas proportional to the times, it is acted upon by a force tending 
to that point ; but if the areas increase^ the direction oi the force is 
turned to the side towards which the body is moving. 

10. If F and f be the forces, D and d the central distances at 
similar points of similar curves, P wA, p the times of describing 
similar portions round centres of force similarly situated, then 

^ ^ F^ v^ D d 

Hence, if /*" oc F% find the variation of the force. 

11. A curve being given, which is described by the action of a 
central foree, the actual value of the force may be found by deter- 

fining the ultimate value «f the quantity |^, A being the 
area described in a unit of time. 

12. Apply this, 

(1). To the caae of a body moving in a cycloid, force acting 
in lines parallel to thevns. 

(2). To the case of a body revolving in the equiangular 
sj^L 
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19. A hoif revolveii in an ellipse ; it is requiied to find the law 

of force tending to the focus. 

14» A giyeti iatce biding interaely ad the i^iittd of the distiince 
from th6 centre^ and the teldcitj and direction of the utotioii at a 
given point being khawn ; to determiiie the curve described. 

Find the change in the orbit^ when the ibrce actiAg on the body 

at my ^dht it altered. 
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1. If a bod^ revolve about another body which is moving m any 
manner whatever^ and if the first body describe about the second 
ate^ ptbpbHiotial to the titnes^ the first body is aeted On by a centri- 
petal force tending to the second body^ and also by the Whole of the 
force by whieh the second body is acted on. 

2. State Kepler^s thi*ee laws. Bf wh^t meiiiis did he a)rriv« al 
that of the equable description of areas ? 

S. how did Newton inffer that the Moon Was retaitted in her 
oi-blt by the fbrtafe of gravity } Perform the calculations, which shew 
it, approximately. 

4. A body describes a pafabola whose equation h ^^ s= imx, the 
velbdty ih the dtrecttoh of fiie orfinates bebg eobst&rit 5 tfcteftnine 
the velocity at fttiy jpoint. And thfe fcrtse. 

5. Compare the velocity which a body Would acquire in falling 
from the Moon to the Earth with that which it would acquire in 
falling from infinity to the same point, the distance of the Moon 
from the Earth's centre being 60 i^dii of the £arth, and the force 
varying inversely as the square of the distance frotn that J^ntfe. 
Find also the time of falling to the Earth. 

6. Find the time of describing a giveh true anomaly (1 ) ia a 
parabolic orbit, (2) in a very eccentric ellipse. 

7» Wheh ie^ body describes A t\Xt^ hf ^ aetioii of a central 

d^u P 

force, the polar equation to the orbit is -jt^ + u — — j = 0. Also 

the velocity at any point is independent of the nature of tiMS path 
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dwerilied. The Mtnte is true of dmttreiiied motioii on a cUtved 

8. While n body h reVol^dng tthiformly in a ch*de^ Acted oH hf 
a force varying as the distance^ the force is suddenly doubled by the 

accession of a new force varying as .-^ ; determine the equation 

to the 6urve deeoiibed^ and the time of describing a given angle* 

9. Ap^ly the equations df motion to determine the dhnnn&tlmdeg 
under which a body acted on by given forces, will Ublforihly describe 
a ciiele en a euifiice df revolution* 

10« What does Newten prove in the two Ant iPit^Hioni df the 
ninth Section ? Explain fully his mode of determining the motion 
of the apsides in orbits nearly circular^ and apply it to the case where 

** *»«* * «« + (dist.)** 

11. TLe eHnt wbidi a planet appeal to describe round the Sun^ 
or the Sun about a planet^ is an ellipse. Shew tliis^ and determine 
the period. 

12. If the motion of a body P revolving about another 7*1- be 
disturbed by the action of a very distant body S in the plane of P's 
orbit> the disturbing forces on P in directions aVI*^ and perpendicular 
to ST, are nearly as 2P-K, and PL, where PK and PL are per- 
pendiculars from P on the lines of quadrature and syzygy. 

13. Shew alflfb that the tangentltl disturbing force is nearly 
k nn.2d^ where 9 is the angular distance of P from quadratures ; 
and if j^ be so small that its square may be negieeteS^ atid p be the 
period of P in its circular orbit round T, and PT &= r, the time of 

describing will = ^ (« + -j^^ sin.gd). 

14. If iS be not in the plane of P's orbit, explain generally how 
a motion of the nodes, and a variation of the inclination of P*8 orbit 
round T ^t31 eiisu^. tioW far do these efiects go to proVe the law 

of imlvef^ gmvity r 

1 5. Dfetetmine the fttttacttott of ^ spherical shell of indeflttiiely 
small thickness on a particle either within or without it> attfttd* 
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16. Find alio the attraction of a spherical sector on a pcoticie 
placed at the vertex ; and if the quantity of matter be given, i^w 
that the attraction i» the greatest ivhen the angle rf the sector 

IS 8S 2 COS. * "z* 

5 

17* A body acted on by gravity is projected in a medium of 
which the resistance varies as the velocity ; compare the velocity of 
the body at the eicpiration of any time with that which it would 
have had in vacuo. 

18. If the Earth's surface were covered with water, why would 
the figure assumed by the waters be nearly that of a prolate spheroid ? 

19. Eliminate t and p from the equations 

«-5{(l)'+Kl)'}— "!+<. 

(3). « = i 
P 

What is the nature of the method pursued to integrate approxi- 
mately the resulting equation between u and 6 ? 



St. JOHN'S COLLEGE, 1814. 

1. Dbfinjb prime and ultimate ratios, and from your definition 

X , , , 

find the value of -r^* X and F being any functions o{ x, which vanish 

when x=:a, and apply your result to find I — considered as the limit 
rf /«*ar' when n =s — 1. 
S. Square the common parabola by Newton's fourth Lemma. 

3. Newton, Lemma 11. The subtense of the angle of contact is 
ultimately in the du^dicate ratio of the subtense of the conterminous 
ilrc. 

4. If two or more centres of force be situated in one right linCi 
the area described by the projection of any body round the projection 
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of the cenlxesof foi:oe» on t plane perpendicular to this line^ is pro* 
portkinal to the time. 

5. If there he any system of bodies^ acted on only hy their mutual 
attractions and repulsions, and those of an immoveahle centre of force 
S; the sum of the projections, of the areas descrihed round S on any 
plane, multiplied hy the respective masses of the descrihing bodies, is 
proportional to the time. 

6. Shew that the force oc —-^^ and if F^^^c. -2— » find c. 

p^ or p^ X' 

7. Define similar curves, as referred to two rectangular co-ordi- 
nates X and y. Shew that in the equation (1 — e^) (a^ — x^) ss^s 
the variation of a gives all the similar curves which this equation can 
represent. In general shew, that if the equation of a t^urve he re- 
ducible to the form 

S5S any function of (--\ and (~ V 

the same holds good. From hence prove that Catenaries are similar. 
Define similar ciurves of double curvature.* 

8. Find, as Newton has doiie, the law of force to the centre of an 
ellipse. 

9. Compare the centripetal and centrifugal forces. In general, and 
in the Lemniscate. > 

10. A body P, suspended by a perfectly elastic thread CP, 
oscillates freely, describing a certain curve ABD. Find the velocity 
at any point P, and shew that the momentary acceleration in the 
description of areas round C, is proportional to the ordinate PN. 

11. The parameter of a conic section described by a force in the 

^ (area dat. tem.)^ 

focus « — r-T^r 

ahsoL force. 

/ 

12. The force to a centre S bebg =z^, x being the distance, a 

body is projected from a distance SF^= D, at an angle d, and with 
a velocity = » X velocity in a circle. Find the actual values of the 
following quantities, (1), the semiparameter ; (2), the excentridty ; 
(3), the sonitransverse axis of the conic section described. Shew 
that the axis is independent on the direction, and the eccentricity on 
the distance of projection. 



13. In an dlUptQ wliCMie egroentxieity if e« shew tint tho felaiioii 
between the angle ASP = 0^ and the tune t of deacribiiig h ii ou 
pressed by an equation n^ ?5 » — «, siq.ir, % being dependent on by 
the equation 

14. Newton, Prop. S5. The area DES described by the revolv- 
ing radius SD is equal to the area which a body would uniformly 
describe in the same time in a circle with a radius b | the parameter 
of DES, round S* Give a proof in the case when DES is a pai:a- 
bola. 

15. Force ee—wid veloQlty «■ tiutt ftom inQnity. Find the 

a?" 

actual equation between the distance CP = x and the angle VCP ^ ^% 
and shew that the curve VPK has always the following property 

(^iri) times Z VCP == 4 PCQ. 

Find also what curves are described wl^en H «>:? 4j and wb^ 1 m 7* 
V being an apse. 

16. In the 9th section^ the revolving orbit is one of Cotes*s ^pimitof 
Shew that the absolute orbit i9 a spiral of the same ipeoiesu 

17. Explain Newton's meaning. Prop. 6l. ^^Molua eorom 
perinde se habebunt ac si npn traherent se niutuo sed ntrumque a 
oorpore tertio in communi centro gravitatis constitutor viribus iisdem 
traherentur." Can one and the same body placed in C fuW the 
condition here implied with respect to hoik tbe Ijodien S^ Pi 
Find C. 

18. Required the whole effect, and also the mean efiecti of the. 
Sun^ to diminish the Lunar gravity^ and shew that if P, j9, be the 
periods of the Earth and Moon,y= the Earth's attraction, and r the 
radius vector of the Moon, the additltious force wUl be nearly repre- 
sented by the formula 

{($)'- 1 ©*}•> 

the Moon's mean distance being taken for unity, 

19. The Moon's foree to raise the tides is propetrtioDal to the cube 
of her parallax. 
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SO. Investigate the figure of equilibrium of % temiying fluid 
mew s attraoUon viryiug as the distance of auy two particles from 
each other^ directly. 



St. JOHN'S COLLEGE, Dec. 1815. 

1. Bt what observations, and by what reasoning ftrom them^ do 
we conclude that the planets are retained in their orbits by a force 
which 18 inversely as the square of their distance from the Sun ? and 

what reasons have we for supposing that j-^, — tl continues to repre- 
sent nearly (or accurately) the variation of the force, up to a Qom^ 
paratively small distance from the surface of bodies ? 

2. Prove rigorously, that the ultimate ratio of vanishing quanti« 
ties is the ratio of their fluxions; and find the ultimate ratio of the 
segment of a sphere to its inscribed cone. Prove also, that the same 
segment is to its least circumscribed cone (ultimately) as 8 : 9« 
What is the ultimate ratio of or*' + coSt wx I x — 1, when x ap» 
preaches to 1 as its limit ? 

3. Find the law. of force tending in parallel lines, by which a 
body may be made to describe an hyperbola whose axis is parallel to 
the direction of the force* 

4. Find, as Newton hap done, the law of force by which a body 
may describe a given orbit j then apply your result to find the orbit 
when the force is given ; and, as an example, determine the orbit 

when the force oc ^-, > and the velocity at any point is equal to 

that which would be acquired by falling down an infinite distance. 

5. Suppose A to attract B with a force always double of that 
with which B attracts A ; the bodies being originally at rest, shew 
that their centre of gravity will begin to move, and find its position, 
and that of A and B after any assigned time ; the law of either force 
being the direct ratio of the distance between the bodies* 

6. Two equal bodies are projected at the same instant from the 
equator and the pole, in the plane of the same meridian, and at an 
angle of 45'' to the horizon. With what velocity must each be pro- 
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{ected^ 80 that after meeting the other in its course^ it shall be xe« 
fleeted hack to the point from which it set out^ elasticity being per* 
feet? 

7. Define similar curves, and prove that all curves represented 
by an equation of the form y^ -{- y'^ x ^s^ a? are similar. Prove by 
prime and ultimate ratios that similar solids are in the triplicate 
ratio of their homologous sides. 

8. The centripetal force varying as bA^"^ + Cii*"^ + eJP'^^ 
deteroiine the angle between the apsides ; and give the reasons for 
each step of the process. 

9* A body sets out from one extremity of the chord of a circular 
arc, and, in the course of its revolution arriving at the other, is re. 
fleeted directly into the centre. Compare the whole time of its 
motion with the time of a complete revolution. 

10. In the last problem, find what arc of the circle the chord 
must subtend, so that after reflection the body shall describe an 
ellipse of a given excentricity ; and prove that whatever arc it sub- 
tends, the period in the ellipse described will be the same. 

11. A body (considered as a mere material point) is acted on by 
forces^ whose quantities, and directions, and the laws of whose varia- 
tions are given. How would you proceed to determine the curve it 
will freely describe in consequence of their action ? Apply your rea- 
soning to the case of a single force tending to a fixed centre. 

12. Draw a diameter of a given ellipse in such a manner, that a 
planet revolving about its focus may describe the two s^ments of its 
orbit in times which are to each other in the proportion of » : 1 * 
and shew that unless this be a less ratio than that of the sum of the 
circumference of a circle, and twice its diameter to their difierence, 
no such line can be drawn. 

IS. Investigate an expression for that part of the ablatitious force 
which diminishes the Moon's gravity ,* the lunar orbit being sup. 
posed coincident with the ecliptic. How will this expression be 
affected by taking into consideration the inclination (supposed very 
small) ? ^ 

14. In the Scholium to the first Section, Newton speaks of a 
series of angles of contact^ each of which is infinitely less than the 
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foregoing. Explain his meaning. Find the latus rectum of a para- 
bola whose axis is parallel to the abscissa of a given curve^ and which 
shall touch the curve so closely in a given pointy that no parabola 
(similarly situated) can pass between it and the curve, at that point. 

15. Two bodies which revolve round their common centre of 
gravity^ describe about it, and about each other, areas proportional 
to the times. 

] 6. In an elliptic orbit, if u represent the eccentric anomaly, and 
the fraction -jj^ ^ts ^ represented by c, the excess of the true 

anomaly above the eccentric, will equal the double of the following 

series ; 

c c o 

-r • sin. « + -r- • 8in.2tt + -^^ sixuSu -j- &c. ad inf. 

St. JOHN'S COLLEGE, 1816. 

1. Explain the connexion between the methods of prime and 
ultimate ratios, and of fluxions. What is the ultimate ratio of an 
hjperboloid to its circumscribing cylinder ? 

2. What is meant by continuous curvature, and how may we 
recognise the points where the curvature ceases to be so ? What 
is signified by " a discontinuous curve ?" What is Newton's mean- 
ing in the expression '^ circulum concentrice secat ?" 

3. Shew that L = 77^ in the hyperbola. 

QK 

M 

4. In an ellipse whose excentricity is small, the difference be- 
tween two successive radii of curvature is ultimately as the square 
of the eccentricity. 

5. Given the periodic times and mean distances of the primary 
planets and the mass of any one of them : compare the masses of the 
rest with that of the Sun. 

6. In circles, when the period oc the radius (P oc E) the centri- 
petal force oc ^. If P oc i?^ + /ij 4. 1, what is the law of force ? 

7. A body revolving in an ellipse about its centre, meets a per- 
fectly elastic plane which produced would pass through the centre : 
what orbit will it describe after reflection ? 

iSupp. P. //.J o 
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8. (Newton^ Prop. 60.) Compare the axis of the ellipse described 
by S and P round each other with that of the ellipse which P would 
describe round S fixed in the same period. 

9. Find^ from the necessary data^ the absolute time (in seconds) in 
which a body will describe a given area of any curve, and apply your 
reasoning to the logarithmic spiral. 

10. Find the value of Q in the 41st. proposition. 

11. If one half of the Moon were s%iddenly deprived of gravity, 
what change would take place in her orbit, supposed at first a circle ? 
If gradually t how would you proceed^ were it required to estimate the 
effect ? 

12. Force « Dist. Prove that the time of falling through any 
space : time of falling through the same space with the force at the 
greatest distance continued uniform : : arc ; chord, of a circle 
whose radius is the greatest distance and versed sine the space fallen 
through. 

13. The force a — : — r-g* and the velocity at a given distance CP 

is greater than that in a circle. Take the angles CPA, CPB whose 
sine : rad. : ; velocity in a circle ; velocity of projection ; then if a 
body be projected from P within the vertical angle BPa, or APh, 
Cotes's 3d spiral will be described ; but if within either of the angles 
BPAy aPb, the 5th. 

14. The velocity acquired in describing any curvilinear space is 
equal to the velocity acquired by falling fi*eely in a right line to the 
same distance from the centre. Does any thing in Newton's proof of 
this proposition appear deficient, or superfluous, when applied to motion 
confined to a particular curve ? 

15. Can you prove the fbregoing proposition (Newton, Prop. 40.) 
without, in any part of your argument, assuming the principle of the 
resolution of forces ? 

16. The force is inversely as the (Dist.)*. Give the full method 
of finding the elements of the orbit, having given the velocity^ dis< 
tance, and direction of projection. 



17. Prove that F « •— - and In the equation F^c -tt" find 

la. To what easei does Newton's proof of the formula F X FV^ 
« V^ apply (Cor. 4. Prop. 6.) ? Prove that, m being 16^ feet, f^ 
ii equal to m . jP. PV, 

19. In the 9th Section, Newton's method gives very exactly one 
half of the true motion of the lunar apsides. Explain at some length 
why it is incapable of giving the whole, and give a brief outline of 
the tfiin of argument used in that seoticm. 

20. - In the 11th Section, shew that the force perpendicular to -P's 
orbit a mi. A . sin./ . sin.Q, where A "sv the angular distance between 
the lines of nodes and syzygies, / = the inclination, and Q = the 
Moon's distance from quadrature, reduced to the plane of the 
^ptici 
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1. Explain what is meant by continued finite curvature. Shew 
that if QPbe any arc of a ouvv^, and QR a subtense peipendicular 

to the tangent, limit -^^ = dian^eter pf curvature at the point P ; 

wd apply (ihis exprei»4oQ far 4n%g the diameter pf purvature at the 
veri^ pf ^ (sycloidf 

2. Let AB be any arc of a curve of finite curvature^ AK, BK 

noymaLi %% 4 and JB meeting in K, and J3G perpendicular to the chord 
4fi w^tiQg AKinQ; pvpye thftt 10 the limit AK: AG :; i : 2. 

3. Investigate the relation between the centripetal and eentri« 
f ugal forces at any point in any orbit : the equation to the curve in 
which they are equal ; and the law of the force by which it will be 
described. 

4h If the foxce a — and a body desceud in ^^ straight line ; find 

the velodty and time corresponding to any given space by Newton, 
Prop. S9.;^Cor. 2, 3. 

o 2 
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5. If a body be projected in any direction from a given point above 
a given plane^ and be acted upon by a force perpendicular to the plane, 
and varying inversely as the n^ power of tbe distance from it ; find 
the equation to the trajectory, and shew for what values of n, that 
equation will be expressed in finite terms. 

6. A body begins to fall from il to a centre of force S varying in- 
versely as the cube of the distance ; find the nature of the curve AP, 
when the time down AN is equal to the time of describing ^Pwith 
the velocity acquired at N: AN being the abscissa. 

7* Find generally the equation to the orbit in fixed space in Sect. 
9* and from that equation, shew that the difference of force in the 

fixed and moveable orbit varies as ig« 

« 

8. If the force vary as ^^ shew that the angle between the ap- 

sides in orbits nearly circular = -77 — —-r nearly, and when n = 1 

V v" + o) 

explain the reason why we obtain an accurate result. 

9. Find the nature of the curve which by its rotation round its 
axis will generate a surface, in which the times of revolution in circles 
paraUel to the horizon shall be equal at all altitudes. 

10. If a string will just bear (p) pounds ; through what angle 
must it be made to oscillate with a weight {q) less than (p) at its ex- 
tremity so that it may all but break } 

11. Investigate an expression for the tangential force in F's orbit 
supposed circular, and find the velocity generated by it from quadra- 
ture to syzygy. 

12. Find those positions of the apse of P*8 orbit where the eccen- 
tricity is a maximum and minimum, and explain fully Newtcm's rea- 
soning in Cor. 9* P^» 66. 



St. JOHN'S COLLEGE, June 4, 1821. 

1. If a line be drawn parallel to the base of a cycloid, find the 
limiting ratio of the segment of a cycloid to the corresponding seg- 
ment of the generating circle. 
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2. Explain what is meant by angular velocity^ and shew that in 
di£^nt ellipses of the same etcentricity round the same centre of 

force, fF a =r;> j the angular velocity at points which are at the 
same angular distance from the axis major a 



(dist)^ 

• 

3. Determine the law of force acting in parallel lines perpendi- 
cular to the axis by which a body may be made to describe a para- 
bola* 

4. If a body projected obliquely be attracted by any nnmber of 
bodies at rest {F oc D), shew that it will describe an ellipse round 
their common centre of gravity. 

5. ABD, abd, are two similar and concentric ellipses in the same 
plane> which revolves uniformly about their common centre C. Shew 
that if grooves CaA^ CbB, be drawn from the centre^ and bodies be 
placed at a and b, they will, by the motion of the plane, arrive at A 
and £ in the same time. 

6. Elasticity : perfect elasticity ; : m : 1. A body A revolving 

in an ellipse rF a fjzj strikes B at rest ; find how the absolute 

force must be altered that B may describe the same orbit A was 
describing. 

7. A stone suspended by a string which can support five times its 
weight, begins to describe a circle whose centre is C in a vertical plane. 
AB is a quadrant of this circle, A being the highest point. Find at 
what point D of CB an obstacle must be opposed, that the string 
may all but break when the body has acquired its greatest velocity. 

8. AP is a parabola, A the vertex, S the focus, SP = — ^"^« 

A perfectly elastic body descending from infinity toward S (F ot ^j 

is reflected by a plane touching the parabola in P. Compare the time 
of its reaching SA produced with the time of a body's describing PA 
in the given curve. 
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9» In Prop. €6. fthew that the eSSett m the mme whether Hie man 
of the disturbing forces be r^ned t# P retolvitig round T at rest^ nr 
P and T revolve about their common centre of gravity acted upon by 
their re4>ective disturtnng ifbrceA. 

10. If two bodies S and P attracting each other be prqjected in 
opposite and parallel directions^ with velocities which are inversely as 
the quantities of matter^ they will describe similar orbits round the 
common x^entre of gravity. Would this be tlie case If they were pro- 
jected with any velocities } 

11. The attractions of particles similarly situated with respect to 
similat »olidteM:d pr6(K))rtibiMd to atty faoMoli)glMM liilel ift thoMsolids; 
tj^ law of «ittr»Dt!on being the Intone tKpsMnd ^ dbttmte. 



St. JOHN'S COLLEGE, May 31, 1822. 

1. Dbfinb rimtla^ figures when referfed to an a^ and prove 

from the definition, that if ^5C be a curve, AC the axa» ttidin 
every chord AD or AD produced. Ad be taken to AD in a given 
i^tio, the locus of d will be a curve similar to JDC. 

le. A body k inoving in a ^rve ift a dhrefttkm fttaking «ii ttiigie of 
30^ with the distance. Supposing an impulse communicated to it, 
so as to make it move in a direction perpendicular to the distance 
with double its former velocity, compare the areas described in equal 
tinies routid th^ ti^tre oC fort^. 

S. !hx)ve tJie ninth letntfta. 

4. A body devolves in a circle, the force tending to a point whicli 
is not the centre of the circle. Find the distance at which the angular 
velocity = the mean angular velocity. 

5. If ABf nb be finite similar arcs of similar ^curves^ S lAd s the 

centres of force similarly situated in them, P and p the times of 

describing AB^ ab req[»ectively; prove that die force at ii ; force 

AS as ^ , . , , . , 

at a : : -p^ : — { smd point out m the demonstration the parts which 

depend on tfae Kuppc^itidns t^sp^ng MB, ^b, «fid tlie {itilil^s ^ ^ 
and s. 
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6* If F cc D and ellipses be described oa the mine axis major ; 
prove that the times of moving from the vertex to a line drawn from 
any point in the axis perpendicular to the axis, will be equal. 

7. A body descends from A towards S the centre of force 

(Fcf: rp — ^\ ADS k a semicircle, whose diameter is AS, and BD, 

CE are perpendicular to AS. Draw the straight line SFD, then 
shew from the principles of the seventh section, that velocity at B I 
velocity at C :: CF : CE. 

8. If a body having descended from .A to B, be projected with 
the velocity acquired^ in a direction making an angle of 30° with 
the distance : shew that die oeatcqietal force at £ : oeatrifugai force 

at B : : 2AS : ab. 

9* Suppose a body to desoe&d from vest at ^ ia the right line AS 
acted on by an attractive force which ot r=-- from S, and a repulsive 

force which a -^^ from S, and let the attractive force be to the re- 

pulsive ioxce, at first, as n : 1 ; find hy means of prop. S9, where the 
velocity is greatest, and where the body will cease to descend. 

10. A body morii^ ia a parabola {force in focus) arrives at the 
extremity of the latus rectum (4a). Shew that if / : ^m : : force at 

J fa 
the Tertex : force of gravity, and a velocity ^= %/ '^ ^ communi- 

Gated to the body in the dire(5tioa of the ktus rectum, at will describe 
a circle round the focus. Compare also the periodic time in this circle 
with the time of moving from the vertex to the latus tectum. 

11. Four equal bodies (jPoc D) are fixed in t3ie comers of a 
square. Shew that a body pitgected in the direction of one of the 
sides, from the middle point, with twice the velocity acquired in falling 
from rest to one of the bodies, throngh a space = ^ the side of the 
sqiiare^ will describe the inscribed circle. 

1£. If i' be a particle rituated in a hornqgeneous solid, and a^sur* 
face be described through P aimikr to the outer smfiioe, P will aot 
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be affected by the attraction of tbe matter between the two surfaces. 
^Attraction varying as -r: — tY 

13, Resistance varies partly as the velocity, and partly as the 
velocity squared. Construct for the time when a body descends in 
such a medium acted on by gravity, first, from rest, secondly, when 
projected with a velocity greater than any acquirable from rest (Book 
II. Prop. 13.) 

14. Find the horary variation of inclination of the lunar orbit to 
the plane of the ecliptic (Book III. Prop. 34.). 



St. JOHN'S COLLEGE, May 24, 1823. 

1. Explain what is meant by angular velocity, and how it is 
measured ; and determine those points in an ellipse, where the angular 
velocity round the focus is a mean proportional between the greatest 
and least. 

2. In two equal circles, absolute forces, which are as 4 : 1, are 
situated in the centre of one, and in a point within the other which 
bisects the radius. Required the ratio of the periodic times. 

3. Find the actual periodic time in a given ellipse, and the velocity 
at any assigned point ; the centre of force being in the focus. 

r 

4. In the h3rperbolic spiral, compare the centripetal and centri- 
fugal focus at any point ; and the area dato tempore with the area 
described in the same time in a circle at the same distance. 

5. If (J) be the latus rectum of a paiabola, (r) the radius vector, 
and ir= 3'14159 &c., the time of descending from rest from any 
point to the focus : the time of revolving in the curve from that point 

to the vertex : : S%r^ : (2r + /) . i/(4r — /). Required a proof. 

6. A body revolves in a circle, in whose centre is an attractive 

force varying as y^^* The absolute force being suddenly doubled, what 

change will be produced in the body's orbit ; and through what angle 
will it revolve before it falls into the centre. 
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7. In Prop. 44^ suppose the immoveable orbit to be a circle having 
the centre of force in its circumference ; and let G : ^ 1 : 3 : 1 . 
Find the equation to the orbit in fixed space^ and the law of the 
force by which a body may be made to revolve in it. 

8. Supposing P*8 orbit to be originally eccentric, explain clearly 
the motion of its apsides occasioned by the disturbing force of the 
hody S, during one synodic revolution. (Prop. 66, Cor. 8.) 

9. Find the force with which a corpuscle, placed in the centre of 
a sphere, is attracted towards any ^ven segment. (Prop. 83.) 

10. In any given position of the Moon's nodes, the mean horary 
motion in one revolution equals half the greatest horary motion when 
the Moon is in syzygy. (Book iii. Prop. 30. Cor. 2.) 



St. JOHN'S COLLEGE, 1824. 

1. Explain what is meant by the terms ' limit ' and ^ limiting 
Yatio' of evanescent quantities. And from your definition answer the 
objection which Newton mentions, viz. that there can be no such 
latio, because the ratio which the quantities bear to each other before 
they vanish is not their ultimate ratio, and that when they have 
vanished they have no ratio at all. Find also what is the limiting 
ratio of the excess of the tangent of a circular arc above its chord 
to the excess of the chord above the sine, when the arc vanishes. • 

2. il 7 touches a circular arc ^l^ at the point A^ AMis perpen- 
dicular to AT, arc AB =:AT, join TB, produce it to meet AM in 
M, find the limit of AM when the arc vanishes. 

3. If AP be a part of a curve and if AN =r x, NP = ^ : and 
y = aa;* f- bx^ + &c. where «, 0, y, &c. are taken in order, begin, 
ning with the least. Shew that if a lies between 1 and 2, no 
circle however small can be drawn touching A P in A so that the arc 
AP shall lie entirely without it: but that if a lies between 2 and 
S, no circle however great can be drawn so that the arc AP shall 
be entirely within it. 

4. Having given P the periodic time of one of Jupiter's satellites, 
(a) the semi axis of the ellipse it describes, and R the radius of the 
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pliitet ittdf» find from tlieiice the length of a peodQluin which 
wouM oscillate aeooads at Jupiter's saifaoe. 

5. A body revolves in an hyperbola, by a force which always 
acts in the direction of its ordinate^ shew that the force varies in- 
▼ei«ely as {ordinate)^ 

6. If a body revolves in a circle acted upon by a force tending to 
a point in its circumference, shew from the expression 

tiiat th« &Hce Tanes invetsdy (dist.)^ find also, having ^ven the 
intCBsity of the fiotce, the vdocity of the body at any point, and 
prove that this velocity is eq[Oil to that which is acquired in filling 

from infinity. 

7. If force oc =^, n bdng gieater Aaa S, diew that if a body 

be projected from an apse with the velocity acquired in falling from in- 
fiidty> the number of revolutions it wtnild describe before reaching the 

o^tre s= Tz r7 • And shew bow you apjsly this egpreagion. to the 

case where n^=i 5 anS where it appears from the preceding question 
that die body describes a semi-circle in descending from an apse to the 
centre of force. 

8* An iinpeilectlyeintic body fidlsfiran an infinite distuioet^ 
a centre <rf foroe, whose intensity ot . ■ . i^ , and im^nges upoti a per- 
fectly hard plane inclined at an angle of 45® to the direction in which 

• 2r 

kis fidimgyshewthat tfie axisnajor of the eilipBe described ^=^r-^ — i* 

and latus rectum = r(l 4- my ; r being the distance of theiaopiqgii^ 
body from the centre of force, and m the force of elasticityi and shew 
how the position of the axis-major may be calculated. 

9, If a body revolve in an orbit round a centie of fiiroej and if 

1 k 

the force at any distance (r) = P and m a= - 5 and - = area described 
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itt 1^ and t) Uie angle deBcribed measiiritig frMn ttiy j^fen radius 

1^ P 

vector. Shew that ;^ + " — TJ-^ = ; and from thb equation 

prove that the difference of the forces by which one body revoitea in 
a fixed orbit^ and another in a revolving orbit^ as in Section 9 of New- 

toD,a^. 

10. Find the horary variation of indbatkm of tbe lunar orbit 

to the plaae of the ecliptic. 

11. If the force a distance^ two spheres will attract each other 
fotiDes Tarying us the distance between Uieir oeiilre& 



St. JOHN'S COLLEGE, 1825. 



1. Explain the method of lioiitiiig ratios^ and fiad tlie limitiiig 
ratio of an hyperboloid to its circiunscribing cylinder^ when indefi- 
nitely great and indefinitely small. 

2. Prove Lemma 9, and shew why AD, DB, must both laake finite 
angles with the tangent. 

3. Find the force tending to the centre of a given ellipse^ and in« 
vestigate the method. 

♦. F«ce>rai^iiial<m«lftwtTiftt^,;AetrdMrtBlx)dypro. 

jected from an apse, with « Velocity less than the velocity in a circle at 
the same distance, must come to a second apse. 

5. Compare the times of falling into the centre from a given dis* 
tance by two fiitoeft, one varying its the distance, the t)ther r=r ; the 

forces at first being supposed equal. 

6. Find where a body in the ellipse approaches the centre fastest. 

7. WheoL a body falls (Voui A XoB by an attraaive force, and 
Miftliet rises from B to il by the sane force now supposed lepulsitte, 
are ^ velodi^ acqmred and times xS ttotion eqtial in the tw«i 
cases? 
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8. Circular motion is sustained by a crank impelled by an uniform 
force wbich acts in both directions and always passes through a fixed 
point. Shew that the effect is the same whatever be the distance of 
that point. 

9. In the vertex of an equilateral cone is placed a force a jr^* 

Find the Qurve described on its surface by a body projected from an 
apse with velocity from infinity. 

to. If S and P mutually attract each other, force a jr^* the aads 

major of the ellipse described by P round tS : axis major of ellipse 
described by P round S fixed in the same time ; : ^{S + P) : ^S, 
Prove this, and apply it to compare the quantities of matter in S 
and P. 

11. A weight is suspended by a rope reaching from the Earth's 
surface half way to the centre. Required the variation of the rope's 
thickness that it may be equally strong throughout. 

12. Shew how the actual quantity of matter and mean density of 
the Earth may be determined. 

13. Find the attraction of a straight line to another bisecting it 
at right angles, and account for the result. 

14. Give the method of comparing the diameters of the Earth. 
{Newton Prop. 19. Vol. III.) 

15. Prove that the mean decrement of the motion of the Moon's 
nodes to be subtracted from their mean motion = ^ of the decrement 
in syzygy. (Newton Cor. Prop. 31. VoL III.) 



St. JOHN'S COLLEGE, Dec. 1827- 

Sections I, II, III. 

1 . ExPLiUN what is meant by continued finite curvature, and prove 
that if the subtense of the angle of contact do not vary ultimately 
as the square of the conterminous arc, the curvature is not finite. Is 
the curvature finite at a point of contrary flexure. 
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2. Find the eccentricity of an ellipse^ when the time from the 
perihelion to mean distance : time from mean distance to aphelion 

:: 1 : «. 

3. Required the law of force by which a body may describe an 
hyperbola^ the force acting in lines perpendicular to the axis minor. 

4. A body is projected at an angle of 3(f with a velocity which is 
equal to the velocity in a circle whose radius is f of the distance.-— 
Required the diameters of the orbit described^ its eccentricity^ and 



position of the apse (F a t~\ 



5. Find the space due to the velocity at any point of a curve by 
the action of the force at that point continued uniform. 

6. A body describes a parabola round a centre of forc^ in the ver- 
tex^ find at what point in the orbit its velocity is equal to the velocity 
in a circle at the same distance. 

7. A string bearing a weight P at its extremity is just strong 
enough to support it after oscillating through GOP. Shew that the 
angle 0^ through which it may oscillate so as just to support a weight 

(P 1\ 
-- — y 

8. Determine generally the curve which is the locus of the centre 
of force> so that a body may describe any orbit with an uniform velo- 
city ; and give an example in the case of the logarithmic spiraL 

9. The Earth being supposed spherical^ a perfectly elastic ball is 
projected in a direction making an angle of 4*5° with the horizon^ and 
with a velocity = the velocity in the circle at the same distance. 
Shew that after 3 rebounds it will return to the same points and prove 
that the whole time of motion : periodic time in a circle at the Earth's 
surface : : 2(w + i/2) : w. 

10. In the above problem find the position of a circular ring so 
that the ball may just touch it^ and supposing a body to fall from this 
nag, determine the whole time of descent to the earth's centre. 
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11, A body ii projected m the plane of the EttHb'i otflAt at r^ht 
angles to the distance from the Syn^ from ft point which eqmils 
half the Earth's distance^ and with a velocity which is douhl^ i^ 
Earth's velocity. Shew that the time it remains within the Earth's 
orbit : the length of a year : : 1 : Sv. 

12, A right angled cone is suspended at its vertex A, and its side 
AB ia kept vertical by a ring Bn With what angular motion must 
the cQxie revolve rQUpd AB, in order that there may be no pressure 
at J^. 



St. JOHN'S COLLEGE, Dec. 15, 1828. 

Sectiofis I, II, III. 

1. Provb the 2nd Ltemma ; and shew that if the bfuies of the 
Inscribed rectangles be bisected, and if rectangles be formed on tbese 
bases as before ; that the difference between the curvilinear area and 
the sum of these inscribed rectangles is ultimately half what it was 
In the former case. 

8. Prove the 11th Lemma, and determine whether the point / 
moves to or ftom 4 in a curve whose equation is « »? ay? + j^» 

' 3. Is the line joining the bisection of any arc of a curve and the 
middle point of its chord ultimately a normal to the curve ? 

4. If a body describe a circle round two centres of force R and 
S, in the same time ; prove that at any point P, the velocity round 
S : velocity round B ;: RF ; SG; SG being parallel to RP, 

and hence construct for tbe point wh^re tbe vclociticp w^ in a giv^n 

ratio. 

fi, A body cannot describe a curve uniformly except by the action 
of forces in the direction of the normal and varying invenely as the 

radius of curvature at each point. 

6. Compare the force at any point of the logarithmic spiral^ with 
the force in a circle described at the same difrtance and wit)) tbe wsm^ 
angular velocity. \ 
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7« If a body be projected, at a given distance and with a g^ven 
vdoeityj round a centre of force wbich varies inversely as the square 
of the distance i; find the greatest and least possible eccentricities of 
the described orbit. 

8. In different conic sections round the same centre of for<oe in the 
focus^ the area described in a given time varies as the square root of 
the latus rectum. 

9. Given the radius of the Earthy the velocity of a point in the 
equator and the space through which a body falls in 1" afe the equator; 
find the number of days in which a satellite would revolve round the 
£arth at its surface* 

10. With the data of the last problem, find the orbit which a 
body will describe, projected vertically from a point in the equator, 
with a velocity equal to the velocity of the point of projection. 

11. Prove that a body attracted to two centres of force A and B 
may describe an infinite number of circles in planes perpendicular to 
AB, and find the form of the surface of revolution which they 
oil form, and the velocity in any given circle, when the forces both 

1 

vary as — • 

12. If a given heavy rod revolve in a vertical plane, with such a 
velocity as not to press on the fulcrum when in its highest position, 
find the tension of any point of the rod in any position. 



St. JOHN'S COLLEGE, May 1830. 

1. Enunciate and prove Lemmas 10 and 11. 

2. The limiting ratio of the sagitts which bisect the chords and 
converge to a given point is the same with that of the squares of the 
arcs, chords, and tangents. 

3. If bodies describe similar figures round centres of force similarly 
situated^ the forces at similar points oc (distance) -f- (time of descri-- 
bing similar arcs)^. 
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4. in the same or different orbits^ if the sagittc of arcs be drawn 
through the centres of force^ the centripetal forces at the middle of 
those arcs are in the limiting ratio of the sagitte directly and squares 
of the times inversely. 

5. Find the law of force tending to the pole by which a body may 
describe the equiangular spiraL 

6. Find the law of force tending to the focus by whidi a bodj 
may describe a parabola. 

7. Find the periodic time in an ellipse round the focus. 

8. Determine the axes and eccentricity of the conic section described 

round a centre of force a (distance)"*. F being the velocity,— 

Di 

the force> and ^ the angle between the direction of the motion and the 
radius vector, at the distance D, 

9. Centrifugal force = •^^• 

10. When a body descends in a straight line towards a centre of 
force oc ( distance) "S compare the velocity at any point with the 
velocity in a circle at the same distance. 

11. Determine the time of describing a given space when a body 
is projected firom a given point with a given velocity, towards or from 
a centre of force a (distance) "*. 

12. Find the internal space due to the velocity in an ellipse de- 
scribed round a centre of force oc distance. 



St. JOHN'S COLLEGE, Dec. 1830. 

Sections I, II, III, VII. 

1. Prove Lemma 7* If AED be the tangent at il, as in the 
Lemma, shew how ED varies in terms of AE or AD ; and thence 
explain clearly by the principles of Lemma 1, that the limiting ratio 
of AE : AD is a ratio of equality. 
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2. ABCk a xightomgled triangle, wliose hypoiihenuse' remains 
oonstant; prove that, if AB, ah be two positions of the hypothenuse 
intersecting in P, triangle PAa : triangle PBh : : CJ3* : Cil* ulti^ 
mately. 

5. Find the law of force in the orbit, where the angular velocity 
varies inversely as the perpendicular from the centre of force upon the 
tangent. 

4. If two equal centres of force, which varies as the distance, be 
placed in the eictremities of the diameter of a circle, a body acted on 
by these forces may describe the circle uniformly ; determine also the 
velocity. 

5. Deduce from the expression, F = -^^ • limit ^= the law of 
force in a parabola, when the force acts parallel to its axis. 

6. In an ellipse the angular velocity of CP, force, in focus, : its 
angular velocity, force in centre, : : P's linear velocity in the former 
case : its linear velocity in the latter. 

7« Bodies of different elasticities, describing a circle round a centre 
of force in the centre which varies as (dist.)"^, strike one of the radii 
produced ; determine the curve, in which lie the extremities of the 
minor axes of the new orbits. 

8. The diminution of gravity, arising from centrifugal force, at a 
place on the Earth's surface, whose angular distance from the pole, 

measured at the centre, is 45®, is l-j of that at the equator, shew 

^ g ) nearly. 

9. If PXy taken in P*S, be the space due internally to the velocity 
in an ellipse at P, the locus of x is an ellipse. 

10. A body falls from rest towards a centre of force S, which 
oc (dist.)~2; determine the time of describingja given space. (Prop. S6,) 

] 1. In the last equation, if be the angle, which the arc, whose 
versed sine is the space fallen through, subtends at S, t the time of 
[Supp. P. II.] t^ 
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motion^ and T the tune through the same space by the aedon of the 
force at the beginiuDg of the motioQ continued unifonn, iim j 

/ = r.cos.2- 

12. A planet ig at its greatest angular distance (a) from the Sun i 
t days after passing between the Earth and the Sun> shew that if tbe I 
Earth and planet describe circles in the same plane, the planet's peri* 

odic time = — - • (1 — sm. «). 



St. JOHN'S COLLEGE, Dec. 1830. 

Sections IX^ XL 

1. Why cannot the principles of the ninth Section be applied to 
determine the motion of the lunar apsides ? Shew clearly, sup- 
posing the objection did not exist, how the application might be 
made. 

2. The difference of the forces, by one of which the body would 
be retained in the fixed, and by the other in the moveable orbit, Tariei 
as (dist)"'. 

3. When P's orbit is a straight line, and is projected in come* 
quentid, construct for the orbit described by p. 

4. In orbits nearly circular, having given the law of force, find tihe 
angle between the apsides. 

Vb + c 
. — > determine 

the law of force. 

- 6. The curves described by two bodies S and P, attracting 
each other, round the centre of gravity, are similar, and the curve, 
which P appears to a spectator at jS to describe, is similar to either of 
them. 

7. Two bodies, revolving round their common centre of gravity, 
describe round it areas proportional to the times, 

5. Prove Prop. 66^ 
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9. Define ^addititioug,*' •*abl«titi(w«", '^central diituAiiig force :" 
deduce an expreasion fbr the last mentioned^ and shew when it 
equals 0. 

10. Explain clearly^ why the lunar months are longer in winter 
than in summer. 

1 1« Determine the effect of the disturbing force on the motion of 
the Moon's nodes. 

]£• If the system of Pand T xonain the same^ whilst S and ST 
vary, determine the variations of the angular errors of /' as seen from 
T, caused by the disturbing force of S> 



St. JOHN'S COLLEGE, Dko. 18S1. 



Sections I, II, III, VIL 

1. Enunciate and prove Lemma 4. Shew that it is true for 
quantities of any kind ; and thence apply it to prove that a cone ss ^ 
of its circumscribing cylinder. 

2* The area of the conchoid of Nicomedes, between the vertex A 
and an ordinate PN to the axis : the inscribed triangjle APN : ; 4 : 3 
ultimately. 

5. Find that point in the diameter of a given drde round which 
as a centre of force a body may revolve in the circle^ so that the an- 
gular velocities at the apsidal distances may be in a given ratio. 

4. Supposing a comet in its perihelion to.be suddenly acted upon 

by the Earth, which is also in its perihelion, with a force b - th of 

that of the Sun, shew what change will be produced in the Comet's 
orbit ; the perihelion distances and the planes of the two orbits being 
supposed to coincide. 

5. Find the nature of the orbit, in which the difference between 
the centripetal and centrifugal forces always a ' ,. • 

p 2 



1 
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6. Find die space due to the velocity at any point of any curve, 
by the action of the force at that point continued uniform ; and thence 
determine the velocity in an ellipse at the mean distance^ the foree 

7« A body moving in an ellipse round a centre of force aituatedb 
one of its foci> is reflected at the extremity of the latus rectum, in a 
direction tending directly to the other focus, so as to lose no velocity: 
shew that the periodic tunes in ihe new orbit and original ellipse are 
equal, and determine the inclination of their axes to each other, 

8. Supposing the time curve in Prop. 39 to be a rectangular hyper« 
bola between its asymptotes, find the equation to the velocity curve. 
Determine also the law of force, and the position of the centre. 

9. The force varying as the distance, a body descends from a given 
point A towards a centre of force S, and is acted upon at the same 
time by a constant force in directions always perpendicular to AS, 
Determine the motion of the body. 

10. If (r) be the radius vector belonging to any point of any 

curve described round a centre of force which varies as rn — r. i and 

(dist)^ J 

}, ^ be the external and internal spaces due to the velocity at that 

point respectively ; prove that the chord of curvature, at that pointi 

ra — J"! 
drawn through (he centre of force = 4r J ^ y >• 

11. A body A connected by an elastic string with a fixed point S, 
is acted upon by a constant force in the direction SA. Having given 
the extensibility of the string, find the whole distance through which 
the body will be drawn, and the time of motion. 

12. If the eccentricity of a planet's orbit = ^, shew that the time 
of moving &om the perihelion through an angle of 90^ == ^ of the 
periodic time, diminished by ^ of the time in which the planet would 
descend from the aphelion to the Sun, with the velocity at the peri* 
helion continued uniform. 
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St, JOHN'S COLLEGE, Dbo. 18SI. 

Sections IX, XL 

1. Thb body will be at an apse in tbe orbit Vpk at the same time 
as in the orbit VPK. (Cor. 1. Prop. 43.) 

2. In orbits nearly circular, having given the law of force, find 
the angle between the apsides ; and apply the method to the case in 
which the force is constant. 

3. If S and P attracting each other describe curves round a com- 
mon centre of gravity C, the curves will be similar ; and the appa- 
rent orbit of P to a spectator at S will be similar to either of the 
curves round C. 

4t. Enunciate and prove Prop. 66. 

5. Find the value of the mean central disturbing force ; and 
determine that part of the ablatitious force, which acts perpendicularly 
to the plane of P's orbit. 

6. Explain the effect of the disturbing force on the motion of the 
{^[Hides, in an orbit nearly circular, during one revolution of P. 

7. In different systems, having given only the form and inclination 
of the orbits, to compare the periodic linear and angular errors, and 
also the mean angular errors as seen from T. 

St. JOHN'S COLLEGE, May 1831. 

Sections I, II, III, VIL 

1. Define a limiting ratio, and from the definition find the 
limiting ratio of the surface of a paraboloid to that of its inscribed 
cone* 

% Prove that cycloids are similar figures; and spirals^ the equa« 

Q 

dons of which are of the form r =s a sec^ -• 
3, Enundate and prove Lemmas S and 9* 
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4. The limiting ratio of the sagitts^ which bisect the chords of 
two conterminous arcs and converge to a given pointy is the same with 
that of the squares of the conterminous arcs^ chords and tangents. 
(Cor. 2. Lemma 11.) 

5. If a hodv moving in a curve described areas proportional 
to the times by lines drawn from the body to any the same point, 
the body is retained in the curve by a force tending to that point 
(Prop. «.) 

6. In any places whatever^ having given the velocity with whicli 
a body describes a given figure by forces tending to some common 
centre^ to find that centre. (Ptop. 5.) 

7. Find the law of fierce tending to the centre by which a bodjr 
may describe an ellipse. (Prop. 10.) 

8. If a body be projected from a point P, in a direction zPij, 
which makes an angle with the distance SP, and be urged by a force 

tending to S, which varies as tj-, — — > it will describe a ccmic section 

of which S Is the focus. (Cor. 2., Prop. IS.) 

9* In the preceding question^ having given the force> and velocity 
of prqjection^ determine the axes and eccentricity of the orbit do* 
scribed. 

10. Find the periodic time in an ellipse^ the centre of force being 
in its focus. 



11. Compare the angular velocity of the distance SP, in any orbit, 
with that of SY the perpendicular upon the tangent. 

12. Prove that the centripetal and centrifugal forces at any point 

h^ dp h^ 

of a curve are respectively -zX -j' and — ; (where (fi) is twice iiie 

p^ dr r* 

area described in V\ and r and p are respectively the radius vector and 
perpendicular upon the tangent) Apply the former expression to 
find the law of force by which a body may describe the equiangular 
or logarithmic spiral. 
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IS. The force varying as . > and tbe body descending in a 

line which is the limit of an ellipse or hyperbola^ the velocity at any 
point C : velocity in a circle (radius BC) 1 1 ^(^AC) : Vii^^)- 
(Prop, 33.) 

14. The area DES (Prop. 32.) described by the indefinite radius 
SD during the motion of the body from C to S, Is equal to the 
area described in the same time by a body revolving uniformly in 
a circle, the radius of which is ^ latus rectum of DES. (Prop. 35.) 

15. Find the external and internal spaces due to the velocity in an 
ellipse, when the force varies as the distance. 

16. The force varying according to any given law, and the body 
ascending or descending from rest, to find the velocity it has acquired 
at any place, and the time of its motion. (Prop. 39.) 



St. JOHN'S COLLEGE, May 1831. 

1. Find an expression for the force by which a body may be made 
to describe any orbit round a fixed centre in the same plane ; and 
apply it to find the law of force tending to the focus of an ellipse. 

2. A body is projected from an apse, with a velocity equal to twice 
the velocity in a circle at the same distance, and is attracted by forces 
tending to the same centre, one varying directly as the distance, 
the other inversely as its square ; if at the point of projection the 
latter force be double of the former, find the equation to the orbit 
deteribed. 

3. In the above problem, if a and v denote the initial distance and 
velocity, shew that the body will come to a second apse, at a distance 
=s 3a, after describing an angle 

4. If the axes of an homogeneous oblate spheroid be to one ano- 
ther as is/ 5 : 1, its moment of inertia is the same about all axes passing 
through one of its poles. 
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5. If a body be projected along the concave superficies of a sui&ce 
of revolution^ not in a plane through the axis> and be acted upoxi 
by no force ; prove that its path will constantly cut the generatia@ 
curve at an angle whose sine varies inversely as the distance from tls.^ 
axis. 

6. The mean horary variation of the inclination of the lunar orbS- 
to the plane of the ediptic^ for a given position of the line of nodi 
varies nearly as the sine of twice the angular distance of the nod< 
from syzygy. (Lib. 3. Prop. 34.) 

7. In the Lunar Theory, given that 
rfi«* + S + ^niH [sin.(gd — y) - sin.{ (2 - 2m — gjfi + 2/S + y }] = 
find Sf and explain the efiect of the terms in the expression. 

8. If a comet describe an hyperbola (major axis = 2a) about tl^^e 
Sun^ and the length of the line of nodes = a(8ec.O — 1), prove th t ^ t 
the time of passage between the nodes through the perihelion 

= {tan.6 — log.(secfi + tan.8)}, 

2v 

P being the Earth's period at the mean distance 1. 

9* The sides of an isosceles triangle are formed of slender unifon^^^'''^ 
prisms, attracting with forces a D~^; find the vertical angle, i — ^'^ 
order that a particle may remain at rest in a point, which divides t) 
perpendicular from the vertex in a given ratio. 

10. Let a, h, c, a\ V, c\ be the \ axes of two ellipsoids w 
principal sections are in the same planes, and have the same foci ; 
a point in the surface of the first, and P a point in the surface of th» 
second, so situated that their co-ordinates are proportional to ^'^ 
\ axes to which they are parallel ; il. By C, A!^ J5', C, the 
parallel to the axes, with which the first attracts P (a point exterio:: 
to it), and the second P* (a point within it) ; prove that 

AVc' = A'hc, Ba'c' = Bac, CdU = Cob. 

11. State and prove the principle of the conservation of areas. 

12. A body, repelled from a centre of force varying directly as th^ -^® 
distance, is constrained to move uniformly by the resistance of th^- — -^ 
medium \ find the nature of its path. 



e 
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13. From what series of points^ in a plane passing through two 
centres of force, may a body be projected in a direction perpendi- 
cular to the plane, so as to describe a circle ? and with what velocity 
must it be projected from any given one of them ? force a D"^, 

14. A solid of revolution moveable about its centre of gravity G, 
which is the origin and fixed, and having its axis inclined to the axis 
of 2 at an angle f, has an angular motion impressed upon it about a 
line between these two axes, and inclined to the former at an angle 
0, such that k^ tan.^ = k^^ tan.d, (where k, k^ are the radii of gyration 
of the body about its axis, and aline perpendicular to the axis through 
G) ; prove that the axis of the solid wiU constantly preserve the same 
inclination to the axis of z, and will revolve uniformly about it ; and 
the solid will at the same time revolve uniformly about its own axis, 
which is in motion. 

15. Required the part of the Sun's disturbing force perpendicular 
to the plane of the Moon*s orbit 

16. For a homogeneous revolving fluid mass, the oblate spheroid is 
the form of equilibrium, if the force at the pole : whole force at the 
equator =5 equatorial axis : polar axis. 

St. JOHN'S COLLEGE, May 1832. 

Sections I, II, III, VIL 

1. Enunciatb and prove Lemmas 1, 6. 

2. Enunciate and prove Lemma 10. Are the quantities treated of 
in this Lemma represented by quantities of the same kind ? 

3. If a body moves in a curve line in a constant plane, and by 
a ray drawn to a fixed point describes areas about that point 
(miportional to the times, it is urged by a central force tending to that 
tK)int. 

If the description of areas be retarded, the direction of the force 
will be opposite to that in which the body is moving. 

4» Compare the forces at two similarly situated points in similar 
Curves having centres of force similarly situated. 
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5. Find the space due to the velocity in a circle, the body bong 
urged by a force equal to the force in the circumference continuedL 
uniform. 

6. In the same or different orbits> if the sagitts of arcs be drawi^ 
through the centres of force, the centripetal forces at the middle poin 
of the arcs a limit (sagitta) -r (time of describing arc)^. 

7. A body revolves in the circumference of a circle, the force 
tending to any point : find the force. 

8. Having given, at a given point, the velocity and direction of 



motion of a body, revolving about a given centre of force varying 
the distance, find the curve described. 

9. A body moves in a hyperbola : find the force tending to the 
focus. 

10. A body revolves in an ellipse : find the periodic time. 

11. Find the angular velocity of a body zevolviag in a csarre, ii 
terms of its distance from the centre of force, and of the area describedli^ 
in the time V\ 

12. A body descends from rest urged by a force varying ai the^ 
distance : find the velocity of the body at any point, and the time o 
describing a given space. 

13. Find the velocity at any point, and the time of describing 
a given space, when the force varies inversely as the square of th& 
distance. 



CAIUS COLLEGE, May 18SL 

1 . Enunciate and prove the ninth Lemma. 

2. A body being acted on by a central force, the areas described 
are in one plane, and proportional to the times of description. 

5. A body revolves in an ellipse: required the law of force tending 
to the centre. 

4. A body is projected with a given velocity, in a given direction, 
and at a given distance fnnn a fixed centre towards which it tends^ 
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Foe ^i determine the form and dimendons of the orbit de^* 

scribed. 

• 

5. The velocitjr at any point in a curve is equal to that which 
would be gmerated by the force at that point, continued constant, 
and acting on a body while it moved through one fourth of the chord 
of curvature at that pomt drawn through the centre of force. 

6. A body falls from rest from a given point towards a centre of 
force, F (x j^: required the values of ft when the time of de- 
scribing any space can be found. 

F (X D, find the time to the centre. 

7* The differenceof forces by which a body may be made to revolve 

in the fixed and moveable orbits oc T=r: — rt» 

(Dist.)3 

8. Find the time of an oscillation in the epicycloid, the force 
tending to the centre of the globe, and varying as the distance. 

9* If any number of bodies be acted on only by their mutual 
attraction, their centre of gravity will either be at rest or will move 
uniformly forward in a straight line. 

10. The inclination of the Moon's orbit is greatest when the line 
of nodes is in sysygies, and least when it is in quadratures. 

1] • Find the attraction of a sphere on a particle without it, the 

attraction of each particle varying as the distance. 

12. Find the horary increment of the area which the Moon de- 
scribes about the Earth in a circular orbit. 



CAlttS COLLEGE, Jitnk 1832. 

i. IStXPhAxs fully what is meant by the expressions '^ ultimate 
value" and '' ultimate ratio ;" and what is the general method of rea. 
soning in Newton's Lemmas. 

2. Prove Newton's ninth Lemma. When is the curvature of a 
curve said to be continuous ? 
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3. A body^ acted on by a force tending to a centre^ will d^scribcj 
by radii drawn to that centre^ areas in one plane and proportional to 
the times. 

4. Prove Newton's expression for the law of force by which a body 
will describe a given curve ; and find by what law of force tending to 
the centre^ a body will describe an ellipse. 

5. A body is projected from a given pointy in a given direction^ 
with a given velocity^ and is acted on by a force tending to a centre 

and var3ring as rr. — rj i find the orbit described. 

6. On the same supposition^ shew that the major axis of the orbit 
is independent of the direction of projection^ and that the form of 
the orbit depends solely oui the direction of projection and the ratio 
of the velocity of projection to the velocity in a circle at the «ame 
distance. 

?• State fully the several steps by which Newton proceeds^ in the 
ninth section, to find the angle between the apsides in orbits nearly 
drcular. Why does this method fail of determining the amount of 
the progression of the Moon's apogee ? 

8« A body moves on a surface of revolution and is acted on by 
a force tending to a centre situated in the axis. Shew that the pro- 
jection of the radius-vector joining the centre and the body^ upon a 
plane perpendicular to the axis, will describe areas proportional to the 
times. 

9. Prove Prop. 66, Sect. 11. 

10. Shew that by the disturbing force of the Sun, 

(1). The distance from the Earth and periodic time of the 
Moon, are increased above what they would be in the undisturbed 
orbit. 

(2). An inequality is produced in the description of areas, 
whose period equals half the synodic period of the Sun and 
Moon. 

11. Find the horary motion of the Moon's nodes in a circular 
orlAt* {Nervtont VoL 3. Prop. SO). 
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12. The Moon's longitude being expressed (nearly) by 

pt + ^e. an.{cpt — a) + —- . sin.(2cp< — 2«). 

k^ 11 

— J . 8in.(%p^ — 2y) + -.»»«.sm.{(2 — 2w;p^ + 20}. 

15 

H wiC8in.{(2 — 2m — c)p< -|- 25 + «} — 3»ie'.(8in.iiip<— /3 — {)• 

4 

Explain wbat is indicated by the several terms. 

13. The moving force by which two homogeneous spheres attract 
each other is as the product of the masses directly^ and the square of 
the distance of their centres inversely. 

14. Investigate the forces exerted by one planet to disturb the 
orbit of another^ and the differential equations of their motions. 



JESUS COLLEGE, Junb 1832. 
Sections I, II, III. 

1. If in two curvilinear figures there can be inscribed the same 
number of parallelograms which, when their number is increased sine 
limite, are ultimately to each other in a given ratio^ the areas of the 
curvilinear figures are in that ratio. 

2. The chord, arc, ahd tangent in a curve of continued curvature 
are ultimately ratios of equality. 

3. The spaces described from rest by a body acted on by any 
finite force, are in the beginning of the motion as the squares of the 
times. " 

4. The limit to which every curve of finite curvature approaches 
is the common^bola. 

5. If a body moving in a plane curve describes areas proportional 
to the times, by lines drawn from the body to any point, the body is 
retained in the curve by a force tending to that point. 

6. If AB, BC be the spaces described in two equal successive 
portions of time, the force being supposed to act by impulses at il and 
jB, prove that the tangent at £ to the actual path of the body is ulti« 
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matelj parallel to AC; and thence shew that thd ipaee deicribed by 
the action of the force = half the space described in consequence of 
the impulse in the same time, 

7. Find the space due to the velocity at any point of a curve hy 
the action of the force at that point continued uniform.] 

QR 

8. Prove that force = 8a^ . limit . /: 



If the force act in parallel lines, parallel to the axisof a parabola, 
apply the above expression to find the law of force. 

9* If a body be projected in a direction making any angle with th^ 
distance from a fixed pointy and be attracted to that point by a forc^ 
varying as the distance^ it will describe an ellipse or circle whose centra 
is the centre of force. 

10. Find the law of force tending to the focus by which a. 
body may describe an ellipse ; find also the velocity at any point of* 
the ellipse. 

11. The periodic times in difierent ellipses round the same centre 
of force « (axis major) "r 

12. The angular velocity round the farther focus of an ellipae of 
small eccentricity is nearly uniform. 



SIDNEY SUSSEX COLLEGE, May ISSO, 

Sections 1, 11, III. 

1. Find the general equation to a conic section, considered as the 
locus of a point whose distances from a given point and a straight line 
given in position are in a constant ratio, and particularise the three 
cases. 

2« Define the subtangent and subnormal in a curve, and flbow 
that in the parabola, latus rectum ; subnormal ; ; subtangent : ab* 
sdssa. 



I 



t. 
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3. Show that in all the conic sections^ if GKhe drawn from the 
foot of the normal perpendicular to the distance SP, PK == | latus 
rectum. 

4. Explain dearly what is meant by the ultimate ratio of two 
quantities ; show that such a ratio exisU^ and apply the first lemma 
to eTanescent quantities. 

6. Enunciate and prove Newton's 9th Lemma> and show why it 
v^iU not apply to prove the 10tli« when the force is infinitely great> or 
Yv^lien it is infinitely small. 

€. Define finite curvature^ and prove the converse of the eleventh 
lemma. 

7* If a body be attracted to a fixed centre^ the force at any point 

OR 

of the orbit described = 2h^ . limit _-Il-_- , if A = 2 X area 

SP^ X QT^ 

described in l'\ Prove this, and mention briefly how Newton obtains 
tlie different propositions assumed in the proof. 

8. At similar points in similar curves, described round centres of 

force similarly situated, prove that the forces oc ■ ,. oc -: . ' . ■• 

dist. (per, time)* j 

9. If a body be projected, in a direction inclined at any angle to 

hs distance, from a centre of force which varies as ;,. ■ t it will de- 

(dist.)* 

scribe a conic section. 

10. The periodic times in different ellipses round the same centres 

of force in their foci a (axis major)^. 

11. Define paracentric, and transverse velocity, and show that 
they are equal in the equiangular spiral of which the equation is 
rsss €*. 

12. Compare the centrifugal and centripetal forces at any point 
of a conic section, the centre of force being in the focus, and 
shew that they are the same at the extremity of the latus rectum. 

13. A body is revolving in an ellipse about a centre of force in the 
focusy which is ^suddenly transferred to the other focus : construct 
for the position of the new orbit,, find the length of the axis major, 
And show that tbe eccentricity is unaltered. 
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1. Having given the time in whicH a body would fall thtougli a 
^ given space at the Earth's surface, the radius of the Earth and the 

Moon's distance, find the periodic time. 

2. Find the time of a body's describing any portion of a parabdic 
orbit. 

3. Investigate Newton's construction for the velocity and time 
when a body moves from rest directiy to or from a centre of f(»oe 

varying according to any given law. Also if force a -y and the 

body descend from an infinite distance, trace the curves and draw their 
asymptotes. 

4. If a body be projected, in a direction inclined at any angle to 

its distance, from a centre of force which a j^» find the equation to 

the orbit described; shew that it possesses five species, and point out 
which of them have apses and asymptotes. 

5. Apply Prop. 44. to determine the whole force at p when the 
fixed orbit is an ellipse and the force in the focus. 

6. If a body oscillate in a hypocydoid, the force being as the dis* 
tance and tending to the centre of the globe, 

time oJPi an oscill. : time to centre : ; ^/(SA) : ^/(5'C)4 (Prop. 52> 

7* The force oc -^ ; shew that tiie axis major of the ellipse de- 
scribed by P round s in motion : the axis major of that described by 
P round s at rest in the same periodic time : : ^{S + P) : ^S. 
(Prop. 60.) 

8. Investigate fully the efiects produced on the Inclination of P*s 
orbit to the ecliptic by the ablatitious force. 

9. If all particles of matter attract each other with forces which 
a ^' a corpuscle placed within a spherical shell is equally attracted 
in all directions. 
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10* If a body move in a plane acted on by a central force^ and 

if this force =s P at a distance ("p the equation to the trajectory 

dhi P 

described is — + « — -rj-j = 0. ( Whewell's Dynamics.) 

11. If a body move through one or more spaces bounded by 
, panllel planes^ and be acted upon by a force which is perpendicular 

to those planes and which is at the same distance from them^ the 
angle of incidence is to the angle of emergence in a given ratio. 
(Prop. 94.) 

12. S and H are two equal centres of force, S attractive and H 
repulsive. If SH be bisected in C and BC drawn perpendicular 
to it, shew that a body placed any where in BC will describe a 
semi-ellipse about S, of which BC is the axis minor, and S, H the 
foci. 

13. The Moon is retained in her orbit by the force of gravity. 



St. PETER'S COLLEGE, May 1831. 

1. If a body be acted on by a central force, it's velocity at a 
given distance will be independent of the curve described. 

Shew what condition must be satisfied in order that this may be 
the case, the body being acted on by any forces. Will it be satisfied 
if a system of bodies move round a common centre of force, and be 
acted on by their mutual attractions ? 

2. If a body be acted on by a central force which varies 77: — — ; 

(dist.)* 

^w that the differential equation to the curve is 

d^ — ce smS 

dr ■" r V{c«(l — e* sin.«/3) - (1 - e^)r^' 

c bring the distance, and fi the angle of projection ; the velocity of 
projection being e times that which would be acquired from infinity 
by the action of the same force. 

Find the integral equation to the orbit, when the velocity is greater 
than that in a circle at equal distance, and the area described less. 
1 CSupp. R II.] Q 
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S. Explain flilly what Is meant by the fixed, and moveaUe orbits, 
and the orbit traced out in fixed space, in Newton's 9th Section. 

Find the expression for the force in the orbit traced out in fixed 
space. 

What is the object of this Section ? To what kind of orbits does 
it apply ; and how is the expression, mentioned in the last question, 
rendered identical with that for the law of force in any such proposed 
orUt? 

4. If a body move in a cycloid on the surface of an inclined 
plane, find the time of one oscillation when it descends from a given 
point, taking aooount of friction. 

5. Two bodies attracting each other with forces which ot jr: — rj 

befaig placed together, one of them is projected with a given valooity ; 
determine their motions, and where they will again be together. . 

6. Explain dearly what is meant by iho plane of the Moon's 
orbit, and how it passes from any position to the consecutive one 
when it's inclination is varying. 

Investigate the motion of it's nodes. CNewUWf Prpp. 66.) 

7. What is the evection ? In what corollary does Newton point 

out the oauKO of it j and in which does he iniUcate that of the annual 

equation ? 

8. State clearly the nature of the elliptical orbit. (NetvUm, 
Vol. III.) 

Q. Deduce the expression for the horary motion of the node in 

a circular orbit, and thence shew that if A^ bo the longitude of tb« 
node, 

where 6 is the longitude of the Moon, and m the ratio of the periodic 
times of the Sun and Moon. 

Give the interpretation of the terms in this expresAont 

10. Enunciate D'Alembert's principle, as appUeabbi to the ease 
of the action of continuous forces, and also to that of impuUive ones. 



fc 



11. Tbe tseiitrai of ogoillatlon and suvpenriion ave Metpfooal. 

What most be the pcxdtion of the axes about which the bod7 

osdllatea? 

12. If a rotatory motion^ and a motion of translation be co-jexistent 
in my system of bodiet^ shew th^tt in the determination of the valLue 
dl.mv^, we may consider them as independent of each other. 



St. JOHN'S COLLEGE, Junk 1832, 

«... ■_ 

)« Ton orbit which the Sun appears to describe about a planet is 
90 eUipae ; prove this and determine the periodic time* 

2. Two bodies start at the same dme from the farther apse in an 
ellipse^ one to describe the ellipse^ the other the circle on the «x\a 
major, the farther focus S being the centre of force in both Cases ; 
compare the absolute forces in the two orbits^ that the periodic times 
may be equal* 

9. If yP and Pz be the external and internal spaces due to the 
velocity at the point P in an. ellipse, force in focus ; shew that 
'Sy, Sp, Sz are in harmonical progression. 

4. A weight P suspended by a string (c) is drawn fl® from the 
vertical by the action of a forge placed in the same horizontal plane 
with the original position of P, and at a distance (a) from it> shew 

that the tension of the string m ' . Tlf ,Pg 

** acotan.d— c ® 

5,' Investigate the equation to the isochronous curve^ when the 
force is constanti and acts in parallel lines. 

6. The perpendiculars drawn from a point in a*triangle upon 
tbe sides are a, b, c, and the angles which the sides subtend at the 
point are m, P,y; shew that a particle placed at that jfoint and acted 

on by the attraction of the sides (^ which a — ^ will be kept at rest, 

.-1 . I . 2^ _ sin.^g ^ sin.^0 ^ sin^y 
a c ^ a P y . 

q2 



1 



228 BXAIflNATION PAFBRS. [StJoWifim. 

?• In a catenary attracted to a fixed centre^ if P be thefoneof 
attraction and p the perpendicular on the tangent from the centre 
at any pointy then the force by which the body would revolve in the 

8. If rr, ^ be the coordinates of the highest point of the cunre 
described by a body acted on by gravity and projected fit vacuo, at 
an angle of inclination (») to the horizon, their decrements^ when 
the body is projected in a rare medium^ in which R^= k. velocity^ 

^/(g.cota) ^A/g 

9* A sphere^ when acted on separately by three forces^ revolves 
round three diameters inclined at the same angle to each other and 
with the same angular velocity, determine the angular velocity and 
the new axis of rotation, when the three forces are applied at the 
same instant. 

10. Construct for the inclination of the lunar orbit to the plane 
of the ecliptic at a given time. (Netvton, VoL III. Prop. 35,) 

11. The equation for determining the projection of the Moon's 

orbit on the ecliptic is 

P T ^ 

P and T being the whole forces on the Moon, paralld and per- 
pendicular to the projection on the ecliptic of the Moon's distance 
from the Earth. 

12. A body P is projected with a given velocity (a>/f*) in a 
direction perpendicular to its distance SA from a centre of force S, 
(whidi a distance) and which itself moves unifomdy with velocity 
{V) in the direction AS produced* Determine the equation to the 
orbit described and shew that the motions of P and S are parallel 
when the co-ordinates of P measured from the original position of S 

are(fl)and (^-l)r. 



PROBLEM^, 

ANp 

MISCELLANEOUS QUESTIONS. 

TRINITY COLLEGE, 1820. 

1. What sum of money must be laid out in the 3 per cent consols 
at 6^ per cent, to produce an income of £400 a year ? 

2. Tlie sine of any angle of a plane triangle has to the opposite 
ade a constant ratio. What is this ratio ? 

3. Find by the method of continued fractions a series of fractions 
converging to ^19* 

4. Given the three sides of a plane triangle, find 

(1). Its area, 

(2). The radius of the inscribed circle. 

5. Difierentiate the following quantities: 

/,v 1 //I + sin.x\ 

(1). «=^V ( i ' )> 



(2). U^ 



1 + — - 

1 + &0. ad inf. 



6. Find a number which being divided by 2, 3, 5 shall leave tout 
lemainders 1, 2, 3 respectively. 

7. The angles of any plane triangle being il, B, C, prove that 
to radius (1), 

4 sin. J . An.B . sin. C = sin.2il + 8in.2B + dn.2 C. 

8. (1). Find the locus of the vertices of all the triangles de- 
scribed on the same base, when one of the angles at the base 
is always double of the other. 

(2). Hence trisect a given angle. 

9. Find the radius of curvature at any point of the common 
cydmd. 



v. 
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10. In any spherical triangle^ the arcs of great circles drawn 
from the three angular points perpendicular to the opposite sides 
intersect in the same point. 

1 1 . Sum the following series I ' 

(4)» SixlS + X giii.20 + x^ m.39 + •»• ad iff. 

12. A sphere of given dlftmeteT defleetidft Ih a ilatd, fituft 1^, bf 
die aotidfl of (pavity i find Iha ||f«ate8k Vflldeitjr it cmi ioq[tfite, its 

specific gravity being (n) times that of the fiuid. 

13. (1). Of ftli quftdriktctfol figuirei ootitttincd by fbttf given 
right lines the greatest is that which is inscriptible in ft cirdb 

(2). If a, b,c,d be thto sidei of thi^i quadrilattfnd, S its 
semiperimeter^ shew that its 

area = V{(^- fl)(5- i)(5- c)(5'-. d)}. 

14. Find the centre of gyration of a given Sphere. 

15. Any two right lines intersect each^ther in space j having 
given their separate inclinations to three al^ctangular co-ordinated 
passing through the point of iilterisectioii : fihd their inclination to 
ench othef < 

16. (1). Ttace the curve whose equation Is ^'(c— a:) a* aj5 ^- J^ji^ 
and find its area when £ isr 0. * 

(2). The equation to a curve is y^ — aocy + a;* s= ; find 
the value of the ordinate when a maximum^ and the correspond- 
ing take isf the ttbiMdAlfti Shew also that it is a maximum imd 
not A mtnimum. 

17. State the principlle of virtual velocities ', and hence idiew that 
if any system in equilibriuni, acted Oh by gravity alone> have an 
lud^nitdy small sttpti^n commutikatod So its parts, in €ttnti# of 
gravity will neither ascend nor descend. 
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IS. Integrate 

, V dx . dx - . dQ 

^^^' ^/U + «* + Ca:2) ^^^- 1 + x^ ^^^- (cos.d)* 

and find the relation of (x) to (y) in ihe equations 
(1). «rfy — .y (fa? «a vrto log.- • 

(2). c/a? + x^dx == dy + ^da:. 

19* If two weights acting upon a wheel aad axld put the tuadiine 
in motion^ find the pressure upon the axis without taking into 
account the machine's inertia. 

20. If (a) and (b) denott the semiraxes of an ellipse^ (d) the 
angle at which the radius of curvature (r) at any point cuts the 

9XIS, prove that r 



■*— • 



(a«cos-20 + 62sin.2d)^ 

21. The roots of the equation x* — pi^"^ + qx^"^ — &c. = 0, 
being «, ft y, &c. find the value of «♦» -f /S** + y* + ••• in terms of 
the coefficients />, q, r, &c. 

S2. ilP is any arc of a parabola whose vertex is A \nd focus S ; 
let N be the intersection of a perpendicular from S on the tangent 
At P with the perpendicular to the axis from A* 

Then i£ ASi^a, L ASNas: <p. 

Shew that arc AP^^PNm a A. tati/| + |V 

^3. If a circle whose diameter is equal to the whole tide in any 
given latitude be placed Vertically^ and so as to have the lower ex- 
tremity of its diametei* coincident with the level of low water^ prove 
that the tide will rise or fall over equal arcs in equal times* 



tRINITV COLLKGE, 1821. 

1. A mAaOH traces £lO,000 in the Funds at 5 pet cent. : the 
first year he spends the whole interest^ the seoond, thirds &c. years 
he rqpenda twice, three timen^ &c« the flame interest ; how long will 
bis property last ? 
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2. (1). Given x + ^ = a 

xs +y = 6^; find (x) and (jr). 

(2). Reqoiied all the int^ral values of (x) and (y) in Uie 
equation 13x + 14^ = 200. 

(3). Find the number of imposdhle roots in the equation 
jr* — 6x2— 3x— 2 = 0. 

3. Reduce an observed oblique angle to the oorresponding an^ 
on the horizontal plane. 

4. If p, ft^y p^y denote the projections of any plane figure Pco 
three rectangular co-ordinate planes, prove that 

5. Find the algebraic^ and thence deduce the polar, equaticm to 
the ellipse : the centre being the origin of the co-ordinates. 

6. (1). Investigate by the geometrical analysis the amditkns 
required in finding two mean proportionals between two gifen 
straight lines : and 

(2). Shew how these conditions may be fulfilled. 

7* The equation to lines of the second order being 

y2 = mx + iix*, 
prove that the radius of curvature varies as the cube of the normaL 

8. Find a point in the circumference of a g^ven circle such tb^ 
the sum of its distances from two given pcnnts without it may be ^ 
minimum. 

9. Given the side of a r^;ular octahedron^ find 

(1). The inclination of any two adjacent faces. 

(2). The radius of the inscribed and circumscribed sphere. 

10. Trace the curve whose equation is x^ -f- 6x* + oy^ -- o. 

11. In any system of bodies the distance of the centre of gyration 
from the axis of motion is a mean proportional between the distances 
of the centres of oscillation and of gravity from the same axis. 

12. Given two ades and the included angle in a plane trian^e; 
find the spherical angle contained by the arcs of which these sides 
are the chords. 
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1 8» Sum the following series : 

<'> TTiki + iTiX^^ 

(2). J75 — 475 + ^ "" ••' "^ infinitum. 

(3). Sin.9 + - sin.29 + - AnSB + ••• ad infinitum. 

(4). Sec.9 . 8ec2d + 8ec.2d 8ec.3d + secSO . sec.49 + ••• to (n) 
terms. 

14. A hollow cylinder of uniform thickness^ and whose external 
diameter is given^ rolls down an inclined plane of known length and 
inclination in a given time : required the internal diameter. 

15. Let (c) be the tension at the lowest point of the catenary^ 
then^ if the co-ordinates be measured from that pointy prove that 

16. Find the locus of all the points from which if pairs of 
tangents be drawn io a given parabola they shall intersect at right 
angles* 

17. (1). Exhibit the complete integral of ^ 

between the values a; = 0^ and a; = 1. 

dtC 
(2). Integrate e^d^An.^B: and ^ g — a * 

- da: a + fta? + cy 

also 3r = — r-^ — ; — ^• 
dtf « + /3a? + yy 

(3). Required the particular solution of the equation 

dx , ^ .dy 

18. Two weights being connected by a string passing over a fixed 
pulley, one of them is supposed to descend vertically, and to draw 
up the other in the same plane along the concave circumference of 
a given drde : find the velocity of each at any point of the descent. 

19* (!)• Find the law of thickness of a string that it may hang 
in the form of a semicircle : and 

(2). Prove that the tension, at the extremities of the hori- 
ssontal diameter^ is infinite. 
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20. A point T is given in the indefinite ttrtti^ line T^ on 
which as an axis any number of parabolas are described^ so that the 
parameter of each may be equal to the distance of its vertte from 7: 
required the nature of the line which shall touch all these parabolas. 

21. If D, D^ be the lengths of two degrees in two given kd- 
tudes \ X^ ; (a) the I^artVs equatorial diameter^ {i) its eicess above 
the polar diameter^ prove that 

a 3D sin.(xi + X) . sin.(xi — X)* 

S2. A ball of given weight is placed at one extremity of a hod- 
sontal plane of indefinite length which has an. uniform angular 
motion downwards round that extiremity^ find when the bill's 
velocity will be such as to make it quit the plane. 

23. If (r) be one of the impossible roots of the equation 

(p) being a prime number, prove that all the roots will be repte- 
sented by the terms of the geometrical progression 1, r, r^ ••• r^''* 

24. The force of gravity being uniform, find the curve deloriM 
by a projectile In a medium whose reastanoe varies as the velocitjr) 
and shew that when the resistance vanishes> the curve bedomes the 
common parabda* 



tftlNlTY COLLEGE, i822!. 

1 . The specific gravity of lead is 1 1-324, of cork 0*24, of fir 0*45, 
(calling that of water 1.) How much cork must be added to 60 lbs. 
of lead, that the united mass may weigh as much as an equal bulk 
dffit? 

2. A person put out to interest £2000 at 4 per cent ; he spen^ 
annually £75, and adds tlie remainder of his dividend to his stock; 
what is he worth at the end of 5 years ? 

3. Trace the curve whose equation is 

■ 

^ s= ± (x — fl)« X V(«*- *)• 



4. If Ofldh of two solid angled is oontained by three pllMe angles 
equal to one another^ each to each^ the planes in which the eqilil 
angles are^ have the same inclination to each other. 

5« Solve the following equations : 



. . 53^ 4- Ixy-- 87 = 0-1 
^ '' 5y2 + 7a?y - 62 = OJ 

a:^ «|. ^« ^ xy (« + ^) — 5 ==! J 



(3)» «*•*«*-* 58a?— 1 = by apj^roximalion* 
(4). %a^ — 45«* 'f 7^:0 "-^ 30 Btt whloh has a divisor 
theform mx-^n. 

€. Sum the following Series : 

(1). 3 + 12 + 30 + 60 + 105 + 168 + &c, to in) terms. 

£8 3S 40 59 

(2). '*r""'r"4""T""'TH" ^* *^ infinitum, 
1 2.0 4 

7. PiSP' is any line (not perpendicular to tho asds) passing 
^^^jough the focus S and terminated at P and P' in the ellipse ; 

X^)i9oye PSf* greater than the latus rectum. 

8» In steiC^raphic projection of the sphere, the centre of the 
Jt*^ection of any great circle is distant from the centre of the sphere 
^y the tangent of Its inclination to the phine of projection* 

g. If a sphere be immersed in a fluid and its spectflc gravity be 
Ixidefinitely less than that of the fluid, the velocity of ascent is uni- 
^^rm| find its value in terms of the sphere's diameter> and the 
^ocelerating force of gravity. - 

10. The centre of oscillation of a cone suspended by the vertex 
is in the base ; compai'e the altitude of the cone with the radius of 
its base. 

11. Investigate the expreisbn fbr the siirface of a solid; and 
find the surface of the solid generated by the revolution of the com- 
mon cycloid about its base* 

12. Required the chance of tbfowing One douUet and Ho more 
in one throw with six dice* 



\ 
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13. Given a very small error in declination ; find the error in 
right ascension. 

14. Prove the parallelogram of forces. 

15. The force varies as the distance ; required the various lines 
in piano along which the oscillations will he isochronous. 

l6« A curve is convex to its axis if the ordinate and its second 
differential coefficient are affected with the same sign. 

17- Given jy» .— 3y + a: = 0. Required y in terms of x ; and 
show ^ priori the nature of the series to he assumed. 

18. Transform ax +• bx^ + car* + &c. into a series 






1 - « ^ (1 — ar)2 ^ (1 — xy 
and find the values of V, </, &c in terms of a, b, c, &c. 

19. Prove the (m + »)* differential coefficient of f(xy) to he the 
same whether we differentiate tn times considering x constant^ and 
then n times considering y constant^ or n times considering y oon« 
stant^ and then m times considering x constant. 

20. Given — and ^—^ successive values of a continaed firac- 

qm qm+i 

tion^ prove p«9m+i — Pm-M^m^ ± 1 according as m is even or odd, 
the first approximate heing ^: and find all the positive integral 
values of x and yialSx-^ \^y — 54 ass 0, 

21. Required the equation to the curve in which the perpendicular 
from the vertex on the tangent varies as the square of the ordinate ; 
and determine the equation to the curve traced out hy the extremity 
of the perpendicular. 

22. Required the following integrals : 

dx 



(1). 



""^ (^> J(a + sin.e/(a + 



j^2)f J (« + sin-0)^ (« + co6,0)« 

Integrate also the following differential equations : 
(3). adx^'^xdy^rsixyd^y. 

(4). xdy = {y + a/(«* + y*)} rf-^. 
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23. A body descends in a curve towards a centre of force^ and 
makes equal aj^roaches to tlie centre in equal times. Required the 
equation to the curve^ and the variation of the force. 

24. A body (the lower part of which is a portion of a horizontal 
cylinder) rocks upon a horizontal plane; required the time of an 
oscillation. 



TRINITY COLLEGE, May 1826. 

1. Paballbloorams upon the same base and between the same 
P^arallels are equal to one another. 

2. A circle, a straight line, and a point being given in position, 
^^^^c^uired a point in the line, such that a line drawn from it to the 
S^^en point may be equal to a line drawn from it touching the circle« 
^^Hiat must be the relation among the data, that the Problem may 
^^eoome porismatic, L e. admit of innumerable solutions ? 

3. If il be a person's annual income, which terminates with his 
[e, and if a be the price of assuring £lOO, and r be the interest 

£ 1 for one year, what sum must he lay out annually in assurance, 
that his executors may after his death receive a sum whose annual 
^^terest is equal to the reduced income ? 

4^ In the collision of imperfectly elastic bodies, the relative 
Velocity before impact : relative velocity after ll 1 l e, 

5. Expand ii* algebraically, and prove that a* = <* *°« ". 

6. Given two sides and an included angle ; required the third 
side in a form adapted to logarithmic computation. 

7. Construct a biquadratic, and a cubic equation. 

8. Find the length of the circumference of an ellipse of small 
Eccentricity. 

9* Find the diameter of curvature at the vertex of the catenary. 

10. If no forces act except the resistance, and that vary as the 
aquare of the velocity, then if the times increase in geometrical pro* 
giession, the velocities decrease in the same progression, and the 
spaces increase in arithmetical progression* 
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11. Sttppoflo n balfpenca to be thrown upj and tluMe that MPe 
up beads to be taken away» and tbe remaining onea thrown upi and 
so on in tbe same manner till all the hallpenoe have come up heidi j 
in what number of tbrowi is it an even chance that this wfll tale 
place? 

12. A circular chain of given length is hung over two gi?lD 
points in the same horizontal line; required its position of eqm« 
librium. 

13. Given the length ^nd elasticity of a rod standing with one 
end on a horizontal plane ; required the greatest weight which it can 
support at the other end without bending. 

14. Two points^ connected by a rod, and acted on by gra^ty, 
slide along two given inclined planeis ; to determine the motion. 

15. In a system consisting of any number of points moveable 
about an axis^ a force acts to turn the system ; to find the efibcthe 
accelerating force on any point. 

16. Explain tbe pby ideal cause of solar precession^ and solar 
nutation. 

17. Sum the series, 

(2)- j; + ^ + ^ + '" <*<^ infinitum. 

18. Find the integrals of 
sin.O . eos.^ d ifd 



(1). 



i-««sin,«« 



(2). ^ + n«w + & cos.(n6 + D) r= 0. 

19. Investigate the criterion of Pdx 4- Qdff + Rdz being, sn 
exact differential ; and integrate the equation 

^ (y + 2) + rfy (a: + 2) + c/2 (ar + ^) = 0, 

^0. Draw a tangent plane to an ellipseicli and And the equation 
to its normal. 

31. ProvOji without supposing that an equation may be resolved 
into factorsi (1) that eveiy equation of an odd degree must have one 
real root ; (2) that every eq^iation of an even onoj wbose last term is 
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negative^ must have two real roots. (S) What argumeitt niay be 
brought to riiew that the lame is tnio^ when the last term itpoiitive } 

and how does it follow from all this^ that an equation has as many 

iQota «8 it has dim^niions? 

98, Let there be any number of plane areas given in magnitude 
tnd position ; it is required to determine that plane on which If these 
areas be projected^ the sum of the projections may be a maximum. 
Prove alio that the sum of the prqeotioni on a plane peifpendicubr 
to thii last wiU n 0. 

tS. If A, B, C, D... be the angular points of an equilateral 
polygon of m sides inscribed in a circle^ whose radiui w: a« and P 

be any point in the circumference^ then wiU 

PA^ + PB^ +PC^ + &c «5 m times the middle term of (I + ««)«», 
provided » be less than m* 

34. Prove the principle of least action^ and apply it to determine 
the curve described by a body acted on by a constant force in parallel 



TRINITY COLLEGE, May 1831. 

1. Tab exterior angle9 of any multilateral figure are together 
^uaI (0 four right anglei, 

2. Prove that in extracting the square root of a number according 
to the eommon rule^ when any number of figures p have been ob. 
Ubad^ p -* 1 at least may be added by division only. Extract the 
square root of 2 to six places of decimals. 

2ax — ar* -i r- j' to 

{efi 4- ^*)* when x is equal to a + A, and k is small compared to «. 

4. Expand a' in a series proceeding according to the powers of x.' 

5. Obtain a series for (sin.a:)" in terms of the sines or cosines of 
nul^pla are^ for the several cases in which n is of the forme 

2p, 4p, 2p+ 1, 4^+ 1, 
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6. Gire a xnediod (not tentative) of finding all the xoots of 'aa 
equation which are whole numbers ; and apply it to the equation 

a:* + 2a?» — 14a^ + 2* — 15 =5 0, 

7* Required a solution of the biquadratic x* + q^ + rx + < » 0* 
Shew that the success of any mode of solving this equation^ depends 
upon the circumstance, that the sums of its roots, taken two and two, 
are of the forms ±a, ±b, ± c. 

8. Find the general equation to the tangent at any point of a 
curve, when the co-ordinates are oblique. Take as an example, the 
ellipse, the axis of coordinates being parallel to conjugate diameten. 

9* In a spherical triangle, having given two sides and the included 
angle, find the other angles. 

10. Having given the three edges of a paraUelopipedon and the 
angles they make with each other, find the solid content. 

11. Determine the angle which two given planes make with each 
other. 

12. State the principle of Monge's method of finding the equa« 
tions of surfaces described after given conditions ; and find the general 
equation of conical surfaces. 

13. Find the conditions of equilibrium of any number of forces 
acting in any directions on a rigid body. 

14. At any point of a curve surface, determine the radius of 
curvature of the section made by a plane passing through the normal, 
and express it in terms of the radii of greatest and least curvature. 

15. The expansion by Taylor's Theorem of f{x + A) cannot 
contain fractional or negative powers of h, so long as the value of x 
is indeterminate. 

16. Obtain the differential of the area of a curve referred to polar 
co-ordinates. 

Apply it to find the area of the loop of the curve, the equation to 

which is r = g 

cos.2- 
3 

try T -. i. *^ sanM6 , . ^^,^ 



CoU. 1831.] IN PR0BLBMS5 Sic. 241. 

18. State the mode in which dififerential equations are derived, 
and from the principle of derivation shew that the complete inte- 
gral contains a number of arbitrary constants equal to the order of 
the equation. 

Exemplify by eliminating m and n from y^ ^mx-^ nx^ = 0. 

19. Required the integrals of xdy — ydx e= \/(a:* + y^)^yy 

^y « ^ . . dz ^ dz 

20. If /(a:, ^, c) =s be the equation of any curve, and an in- 
definitely small variation be given to the parameter c, then will 

Shew that by eliminating c between these two equations, the 
equation of a curve is obtained, which touches aU those that result by 
givmg to c all possible values. 

21. The moment of inertia of any system, with respect to any 
given axis, is equal to the moment about an axis parallel to this 
passing through the centre, of gravity, together with the moment 
of the whole body (collected in its centre of gravity) about the given 

axis. 

22. The centres of suspension and oscillation are reciprocal. 

23. Demonstrate the principle of the conservation of vis viva. 

TRINITY COLLEGE, May 1831? 

1. Pbove the rule for pointing in the extraction of the square 
root of a numerical quantity, partly integral and partly decimal. 

2. Find the number of solid feet and parts of a foot, in a rectan- 
gular solid block of wood, the edges of which are 10 feet 4 inches, 3 
feet 7 inches, and 2 feet 5^ inches in length. 

3. Having given A sin.(ar + £) equivalent to 

a sin.(a; + 6) + a'cos.(a: + 6'), 
determine A and B in terms of a, a', b, and b\ 

4. Obtain an expression for tan.nd in terms of tan.O, and shew 
that it remains of the same form whether n be integral, negative, or 
fractional. 

[Supp. P. II.3 B 
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5. If a side of a plane triangle be determined from the other 
sides and the included angle, and a amall error («) be committed 
in taking the anglej the consequent error in the determinatifm of 
the side = pa, p being the perpendicular from the angle on the 
side. 

6. Transform ^^ + ^or <f r «■ 0, into an equation of the form 
2z^ — 3az^ — a = 0^ and determine in what case the transformation 
is possible. 

7t Shew that if tan.*d '^ ir ^ 3' *^^ p<wUe root of the ttm^ 

formed equation in the preceding question is, — y — -■ — ■ ^ . * 

(tan.-)* - (oot-y 

8. There are an indefinite number of ipheri^ oapi, having eqwil 
surfaces but different radii^ and having a oommon tangent plane st 
their poles ; it is required to determine the surface ia which tlfe cir« 
cumferencefi qf their bases are situated. 

9. If the plane section of a right cone, wboie vertical angle 19 1, 

be an ellipse, the greateit and least distances of the droumferenee of 

Avhich from the vertex are D and U ; then will the semi..axis minor 

g 
of the ellipse « ^/iDIT) rin.-. 

10. By means of the preceding proposition prove, that the locus 
of the vertices of all right cones baviqg the same section is an hyper* 
bola. 

11. A given oylinder^ the centre q£ gravity of which ii distant 
by D from the axiS| is placed with its axis parallel to the horimntal 
plane, on a given inclined plane, the friction being such as feo prev^t 
sliding : required the position of stable equilibrium ; also the Icsst 
value D may have, that there may be a position of rest, 

12. A heavy flexible envelope exactly surrounds e sphere, and is 
supported by it ; shew that the tension at the highest point is less 
than the weight of the envelop. 

1 3. Having given r^ ?= a- cos.2$, the polar equation of the lemyus- 
cata, find the centre of gravity of the surface generated by the levo* 
lution of one of its loops about its axis. 



k. 



14. OetenQine the diftanee oi the pdnt of oimtrarjr flaxure 
of th^ wave, the equation to which is r m nt*, fVom the pole of oo« 
oftfni^tea. 

Ifft Obtain &om the oqufttion 

'^ + ^ + '33''"* 

in which the differential coefficients are partial^ the value of f on the 
supposition that it is a function of {x^ + ^^ + 2^.) 

16. Required thfi value of Z(i|«9 ^ M)i 

17. Ohtain the equation of the plane in which two given straight 
lines which pass through the origin of co-ordinates are situated. 

18. If POP'y QOQf, he two. straight lines passing through any 
pobit 0, wad ttarmmUid by the surface of an eUlpiold^ and if c, 1?', 

PO X OP' c2 

be the lengths of the diameters parallel to them, ^-^ -rr^ = -^. 

19. The ultimate aeetlon of any contiguous surfaoe by a plane, 
when the portion of the surftoe eut off is indefinitely dimipiihed, is in 

gmeral an eUipfl^r 

20. A given cylinder unrolls from a vertical string fhstened to a 
fixed pcHnt, find as it descends, aneth^ fltlingj lo which a given weight 
is attaohed, unwinds fiom it I roquirod the a(^o§krftHve fprcpti pf the 
tTfro weights. 

21* Determine the motion of a body on an inclined plane, the 
part in contact with the plane being eyllndrical, and ths) 4?iction being 

wh as to i^y^t pMngf 

Shew from the result, that the time of the small oscillations of a 
pendulum is ymy litUe affected by a slight defjpct pf horlzontaUty in 
the plane on whieh it oscillates. 

92. A body projected in any direction, revolves uniformly about 
m axis in it, which continues horizontal and describes a parabola : 
let^n^ine the position pf the a^^i^ about which the body, at ^ny point 
)f its pntba appeal! fpi^ ^n instant to revolve, and shew that this a^^s 

Iso describes a parabola. 

R 2 
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*i3. Describe geometrically the cydoid which is the brachystoduo- 
nous path from a given point to a straight line making an ang^ of 
45^ with a horizontal line through the pointy the motion being sup- 
posed to be from rest : and shew that if c be the distance (^ the in- 
tersection of this line with the horizontal line from the given point, 

2c 
the radius of the generating circle of the cycloid =: — 



TRINITY COLLEGE, Jura 1832. 

1. Thb angle at the centre of a circle is double of the angle at the 
circumference upon the same base. ?^ • ^ /^< 

Sx* — l6« — 12 

2. Reduce the fraction r —- — — r-rrr *© i^ ^^^ 

a;S -« 8x« — 12a: -H44 

terms. 

3* Find the number of combinations of n things taken r and r 
together ; and if ten letters a, b, c &c. be taken five and five together, 
in how many of them will a and b occur? 

4. What sum of money must be placed out at simple interest, for 
five years, at 4^ per cent, that the amount may be 1,000/1 

5. The Napierian logarithm of 1 -f- iV= iST — ^A^ + JN» — Ac- 
prove this, and fmd the logarithift of 1*5 to 3 places of decimals. 

o. The consecutive terms in a series of fractions converging to t> 
are alternately greater and less than the true value. 

7« Find the general expression for the tangent of a compound arc, 
in terms of the tangents of the component arcs. 

8. In a sphencal tnansle cos.if = ; — ; — -, • 

9' In Geodetical observations, shew how to reduce the observed 
to the horizontal angle. 

10. Solve the equation x^ ^ qx + r^nO when all its roots are 
possible, and shew that the solution is inapplicable if the roots be not 
all possible. 
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11. Explain Newton's method of solving an equation by ap- 
proximation^ and find the conditions necessary to ensure accuracy in 
the result. 

12. The areas of all parallelograms touching an ellipse at the ex- 
tremities of any conjugate diameters are equaL 

13. Given the general equation to a line of the second order, 
find the angles which its principal diameters make with the axis of x. 

14. Shew how to determine the value of a vanishing fraction, and 

find the value of , — y- r when a; = 0. 

log.(l + x) 

15. Obtain the differential of the arc of a curve referred to polar 
co-ordinates, and find the whole length of the curve whose equation 

isr = gflsin.^x* 
2 

16. State the conditions that determine the order of osculation of 
any curve with another : also shew that the circle of curvature cannot 
have contact of the third order with any given curve, except its radius 
have arrived at a maximum or minimum value. 

17* If tf be a homogeneous function of x, y, z...of n dimensions, 

then win rm = — .a: + — , y + ••• prove this and apply it to discover 

a factor which shall render Mdx + Ndy a perfect differential, M and 
AT being homogeneous functions of x and^. 

18. Determine the general expressions for the co-ordinates of the 
centre of gravity of any curvilinear area, and find the centre of 
gravity of a parabolic area bounded by a line inclined to the axis at 
an angle a. 

19. The time of descent down all chords passing through the 
highest or lowest points of a circle are equal. 

20. In curves of finite curvature, the subtense of the angle of 
contact is ultimately as the square of the conterminous arc. 

21. State the principle of virtual velocities, and from it deduce 
the equations of equilibrium of a rigid system acted upon by any 
foxoes* 



!M ll3tAlit!fAflON PAlh&RS :[2Hft. 

22. When a hetiyjr Hft^m is mdVittble Abmit a horiMitttal fids, 
find the aocelmiting fotiM UtNm h in bny posllioii | Utid alM find ^ 
length of the simple isochronous pendulum. 

. 2$^ The bodies in a s^Btem are acted upOtt dul/ hf thAU* mutual 
attractions. Prove thd piinoiple of tha eooienriktifm of afeaii 



TRINITY COLLEGE^ June 1832. 

1. If (a) be the first and / the last t^rfti of an arithmetic series 
in which the common difl^ence is b and the number of terms it| then 

will the ^Bi of thtt terieii aa ' ^S ^ ^ ' T^V 

2. Given that p^ + np is a perfect square^ find the general (cm 
of the integral values of n, 

d. TaA.(ei 4> ft) ^ M oomA d « eot.ttit> find the vaIiki of tA&.l in 
tttrmi of tatiiir. 

4. If from the extremities bf the base of a semicircle, two ch(^ 
be drawn crossing eaeh others abd making anglesi 4t, fi$ with the bafie, 
and if the extremities of the chords be jointed, the Area of the smaller 
of the two tfifttigles iKUs fotmed, will equal area of larger multiplied 
by 006.^(4 -H fiy 

5. In a right-angled lit^hevtdal Irittttgld ythbUb rlghl tiitigte is C, 
if A, c, be given^ and a be required^ find the €nx^ introduced by a 
given small error of c, and shew that when c =t 90° this error be- 
comes — ^ tan.il . {dcy 

6. If a be the possible root of the cube x^ --^ qx + r ttA (is whfcsh 
can be solved by Cardan's method, then must a be greater than 

7i If I' be an^r ^U Ifl an «lltpM ivheie v&tt&t is A ^hd ttearei! 

A8P 
focus S, then will tt^n. PAS a= (l + e)eot. — ^' 

6» Two iftdefitiitii iindght Unos fern thMu^ two givon ^ts, 

and intersect each other at right angles^ if these lines be no# top- 
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posed to nifoLve, with an eqaal and uniibrm angular velocity, about 
tho two given pcAniB, find tbe locus of their successiire points of in- 
tersection $ iirsty when the motions are iU the satnci seoondlyi when 
they are in different directions. 

9. Find the distance of a given point from a given line in space. 

10. The volume of the maximum spheroid inscribed in a cone 
equals one half the volume of the cone. 

11. A sector of a circle revolves flatways round a diameter at 
right angles to its axis, and the volume of the solid generated equals 
one half the volume of tho e^ulradlal sphere, find the angle of the 
sector. 

12* Find the equation to the conical surfaoe^ when the directrix 
is an ellipse in the plane of xy, and the vertex a point in the 
axis of z. 

13. If A catetiar]^ and A parabok have a eommoti vertex and a 
commtm axit» atid if the latits tectum of the parabola^ equal twice 
the length of the chain, whose weight exptessos the tension at the 
lowest point, then will the arc of the catenary equal the corresponding 
chord of the parabola. 

14. Integrate the following diflferebtlals and differential equations : 

d9 X 

COS.6 ^ ^ 

^^ , jdy , „ ^ dz ^ dz 

15. From what point in a given line> and in What direction^ and 
with what velocity, must a heavy body be projected, that the path of 
the projectile may have eeatact of the second order with a given 
dfole el its hSgliesI pattit» the given line beinga tangent to the given 
circle } 

16. A paraboloid, the density of whose circular sections varies as 
their areas> stands upon its vertex on a horizontal plane^ what is the 
length of its axis when the equilibrium is that of indi&rence. 

n. Find the eentite of percunioii of t circular teetor revolving 
flatways round its cientre. 
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18. If a body move on a curve and be acted upon by a central 
force P, if -R be tbe re.action and r, p^ p, be respectively the radius 
vector^ perpendicular on the tangent^ and radius of curvature at any 

pomt, then will (veL)* = ? (Br — Pp). 

r 

19* A sphere revolves round an axis touching its surface, find the 
length of the simple isochronous pendulum. 

20. Find the moment of inertia of an ellipse^ about one of its 
diameters inclined to the principal diameter at a ^ven angle a. 

21. Rays of light diverge from two equally luminous bodies given 
in position, shew that the surface of equal illumination with the 
middle point between them, is formed by the revolution of a double 
ovul, whose area equals ^(2v + 3^3) aS (a) being the semi-distance 
between the bodies. 

. 22. Find the centre of gravity of the cylindrical surface, con- 
tained between a plane perpendicular to the axis of the cylinder, and 
a second plane making an angle a, with the first, both planes passing 
through one common point on the surface. 



St. JOHN'S COLLEGE, 18X6. 

1. Given the base, the vertical angle, and, 1st the sum, 2dly the 
difierence, and 3dly the ratio of the sides ; construct the triangle. 

^ T t. , m • 

2. Integrate the expression ; -r,- 

1 + * 

3. Investigate the motion of an air^bubble ascending in water, 
and shew that if a; be its depth, and a the altitude of the water.baro- 

meter, its velocity is nearly oc • 

(x + ay 

4. In extracting the square root, find a limit which the remainder 
cannot exceed. 

5. Find the time of equated payment of two sums P and p, due 
respectively at the end of N and n years. 
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6. Explain the different effects of cannon shot^ and the battering- 
ram. 

-. - •^o + ix + cv 

7. Integrate the equation^ = — . ^ . — -• 

8. Explain the gnomonic projection^ and determine the projection 
of a given small circle. 

9. Sum the fii^ powers of the roots of a quadratic. 

10. In the ellipse or hyperbola^ draw ApO parallel to any 
diameter PCG; then OA . Ap = PG . GC. A proof is required. 

11. The strength of a rectangular beam is proportional to the 
breadth X (depth)^. 

12. Every equation, whose coefficients are real, may be resolved 
into real, ample, or quadratic factors. 

13. A body revolves in an ellipse about the centre. How high 
will it rise, if reflected by a perfectly elastic plane directly from the 
centre ? and how high, when the plane is not perfectly elastic ? 

14. A coin is chosen at random from a number of the same kind. 
Shew that there is a greater probability that in tossing it up, the same 
face will twice successively appear, than that first one, then the other, 
will come uppermost. / 

15. Determine in what part of the ocean there is but one high 
tide in the day. 

16. Sum the series, 






to infinity. 



and, 1.2«+ 2.2» + 3.2* + &c to » terms. 

17. The force var3ring as the distance, shew that no mutual dis« 
turbances would take place among the bodies of the universe. 
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St. JOHN'S COLLEGE, Junk 1817. 

1. FiNO the value of 7084 lbs* at J 7'. lO^tL of per lb. 

2. The complements of the cubes about the di&tneter of a cube 
are, all three, equal to one another. 

8. Write down and explain the moit rapid pMoett yoa kndW of 
approrimatirtg to the circutufcareuce of a dtrdd, and calculate it to four 
places of decimals. 

4. Find the area of a triangle in terms of its sidet. 

Si Prove that il ss± sln.il. Mc 4 il.sec^i<.see.| A. &c ad infi- 
nitum. 

6. One value of 2 tn the feqUfttion x^-^Sx^-^x + BistO, ls5. 
Find the ranfttning roDts. 

7. In the equation x^ — > 6x^ + llx — 6 = 0, one root is douUe 

ftttdther. Prndthem. 

8. A body is projected upwards with a velocity of S5 iaet per 
second. Where will it be at the end of half a minute ? 

9> Find when a body prqjected with a given velocity fem a gtven 
point will strike a vertical plane given in position. 

10. CD is drawn from the centre of the ellipie patallel to a 
tangent PA; ARL being parallel to £C its min^r axis, prove that 

AR.AL : AP^ : : BO : ct^. 

11. A cone is filled With fluid. Co&ipare the pressure upon it^ 
surface with the weight of the fluid. 

12. Find the principal focus of a concavo-convex glass lens, placed 
lA Water^ whan thiddiesi it inoonslderable) tbe fidii df ilssut&ces 
being 6 and B inches. 

15. Find the least circle of aberration, into which all the homo- 
geneal rays of the same pencil refracted by a lens are collected* 

14. Find the solid content of a frustum of a oone« 



15. Find the fluxion ot —r, r' of x . vS and of x .c6s.2", 

where x^log.a:. 

16. What ore of acirok i« that which has the produet of its chord 
and cosine a maximum ? 

!?• Investigate the equation to the curve which has the rectangle 
between the rays fnun two fixed foci ^^ a given square. 

18. Find the law of force in the hyperiwk tetlditig to the IbtfUSOf 
^hft op)[K>Bite hyperhola» 

19. Prove, strictly > thut 4 m TH^ And »ti' mi ± J^. 

80. Sh^w that the taotion of the flodes of P'i orbit rOUnd T is, 
icm the Wholei l^trdgradd. 

dl. Find the equattoti to the tat^aff, fttid gifo Coteii* (xm>« 

struction. 

%%: Given the latitude of th6 plaoei and the Moon's declination, 
to find the height of die medium lunar tide» 






St. JOHN'S COLLEGE, June 1818. 

1. Find the present worth of 897/* 15jr. &\d, due' nine months 
hence at %\ per cent, per annum. 

S» If two straight lines be cut by pAraliel phtngl) they shAli be 
cut in the same ratio. 

3. Multiply 4/( - a) by ^( - 6.) 

4. In the expansion of (a + 6a; + cx^ -f rfa?^ + &c.)*^, write 
down the dOeftdeht of A*^. 

5. In the commOh parabola, if two pandlels intersect other two 

pMttileli^ the fteiftfigtes ernitdned trf the Mgme&tft will be pit^r- 

tionals. 

& No equation ean ha^r^ mord i^aiigte of dlgili Ifadti il hai posi<« 
tive roots ; noT niofe eoatitittatfoill than iMgativtii 
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7. Every equation of an even number of dimensions whose last 
term is negative^ has at least two possible roots^ the one positive^ and 
the other negative. 

8. Required the number of possible roots in the equation 

x7 — i4x* 4- 90 = 0. 

9* Express the roots of x^ — 7^ + 7 = by continued fractions, 
and determine the accuracy of the approximation of any convergmg 
fraction deduced from these. 

10. If a body be projected downwards with a velocity of 20 feet 
per second^ find the time of describing 200 feet 

11. Two bodies projected from the top of a tower with different 
angles of elevation {a, fi) ; and different initial velocities {a, b,) strike 
the horizontal plane at the same point ; find the height of the 
tower. 

12. If a ray of light refracted into a sphere^ emerge from it after 
any given number of reflections^ to determine the actual angle between 
the direction in which it is incident and emergent. 

• 

13. If the astronomical telescope be adjusted to the eye of a 
short-sighted person, what will be the effect upon the visual angle, 
when the eye is between the eye-glass and its principal focus, and 
when beyond it ? 

14. Define the term ' fluent/ and from your definition investi« 
gate fa^^'H. 

15. The latus rectum of a parabola = a, required the area cut 
off by a straight line which intersects the axis at the angle 0, and at 
the distance (6) from its vertex. 

16. Required the length of the catenary. 

17* Draw an as3rmptote to the curve whose equation is 

y = v^{a?2 + >/(«*— «*.)} 

18. A given right cone is cut by a given plane parallel to one of 
it's sides ; find the content of each part. 

19. Find the centre of gravity of the frustum of a paraboloid 
whose altitude is (A), and the radii of the bases b and c* 
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20. If F X D and a body be projected from a given point 
with a given velocity to or from a given centre of force, find* 
the actual time of describing any given space. {NewUm, Sect. 7. 
Bookl.) 

21. Investigate the orbit described by a body, when projected 
with a given velocity, from a given point, in a given direction ; sup« 

posmgFa^. 

22. A hill is in the form of a right cone. A road-way winds 
round it from the bottom to the top, so as to be inclined at each point 
at a given angle to the horizontal plane ; given the dimensions of the 
Iiill, to find the length of the road-way to the top. 

23. Define, and investigate expressions for the determining the 
c^cntre of pressure of a plane surface, and apply them to find the 
c^cntre of pressure of a semi-parabola whose extreme ordinate coin* 
chides with the surface of the fluid. 

24. Explain the cause of the opposite tide. 

25. Find the following fluents : 

J x^x . r X , r X sin.g 
x+i' J (1 + x^y' J 1 + sin.x 



St. JOHN'S COLLEGE, Juke 1829. 



1. Add together '0125 of a pound, *0625 of a shilling, and*5 
of a penny; and reduce 11^. 94^* to the decimal of a pound. 

2. Prove the rule for finding the greatest common measure of 

two quantities, and reduce ■= — rr-i — wiv7 r^ ^ its lowest 

terms* 

3. Extract the square roots of 654481, 1 + V — 24, and the 
cube roots of 389017, and 2 + 11 >/ —1. 
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4. SolvQ theibllowIngeqaktioBS] 



a: 2 

' - (2). ^ = 



3 ar — l 
/ (3), 3jr^ -.»-*+ 2 wO. 

V^^^ + a;e = 9T/ 
/" g. Ifa: 6 ;; c ; rfjsliew thata + * ; a— * ;: c + d ;c~rf. 

J^ 6. Prove the rul^ for fin^iTig the suin of a geometric series^ and 

3 2. 
apply it to - -|- - + ... ac? ««/! 

r. The thm intmof angl^ Pf 9Very iHttngl^ are t4Hj|^^ miA 
f two right angle.. 

8. If the square described upon one ci the ddM c^ a trfam|^ he 
equal to the sum of the |M][uares described upon thq otiier t\¥0 sides 
of it ; the angle contained by these two sides is a right angle. 

/' 9* One circumference of a circle ean?iQt out anpthor in more than 
two points. 

// ' 10. The angles iq t}ie same segment pf a olrole a|e equal to one 
another. 

.'' , ' 11. Inscribe a circle in a given triangle. 

, ' 7^ 12. Ratios that are the same to the same ratio^ are the same to 
one another. 

f 13. Equal parallelograms, which have one angle of the one equal 

to ope angk pf the o(h§r, \\»yq t^eir sjid^ abput; the ^u^ angles x^ 
ciprocally pyppprtiowal. 

)( J 14. In a plane triangle, of which the sides are a, b, c, and oppo- 
site angles A^ B, C, prove that 

sin.il a . h^ \ c2 -. «2 

rTT-^ ^ 1% cqp.4 sf; rr • 

sin. J? 6 26c 

15. Draw a straight line perpendicular to a plane from a ^ven 
point withiout it; . . : . 
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%. JOHN'S COLLEGE, Jvw 1899. 

4, E^^TBACT the fourth root of — a ; and prove that 

if^ («) be the integer next less than ^N. 

^ Find the number of oombinatlcmi that oan bo formod with (wi) 
trliLingi^ takoa (r) together, 

9. Tp describe a rectilinear figure^ siniilar to on^^ apd equal to 
othei* ^ven rectilinear figure. 

4. Given the three sides of a plane triangle, find its area in a {om 
^^apted to logarithms. 

9 1 1 

5. Prove that - = 4tan."i - — tap,** ;75«; and thence dediiee 

4 5 239 

^ rapidly eonvevgipg neries^ fbr the value of «r. 

6. Give Waring's solution of a biquadratic ; and shew that the 
Equation a:* — px^ + gx — 1 = 0, 

llffs four repl roots, if (^-7-^) — ^^J^J > h ^^^ Q^^y twq 
^71 the contrary case. 

7. Find the general term of the expansion of (« + ^ + c + &c.)» 
^nd extend the proof to the case in which the index is fractional or 
^^egative.^ 

8. All chords of a circle terminating in the extremity of a vertical 
diameter are described by a heavy body in the same time, and the 
^elocitiaff ipqiUf^^ 9re pitipprtionpil to th^ lengths of the chords. 

9. State the principle of virtual velocities, and prove it in the case 
of two weights balancing upon a bent lever ; aad generally for a 
system of matwa! points, connected among themselves by any physical 
means, and acted upon by any forces. 

10. Apply Lagrange's theorem to shew that 

2 CQS.?»$ qF (2 COS,fi)» te- w(2cqS.9)«-2 + y ~ ^ (^ COS,e)«-* ^ &C, 

and deduce the series for sin,7}d. 
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11. All parallelograms whose sides touch an ellipae at tilieext» 
mities of conjugate diameters have the same area ; and that wUek 
is equilateral^ or rectangular, has respectivdy-the greatest or kai 
perimeter. 

12. Find the polar equation to the parabola, reckoning fiom die 
focus ; and theoce deduce the equation 

13. When a body is immersed wholly or partly in a fluid, die 
horizontal pressures on its surface mutually counteract each odier,' 
and the resultant of the vertical pressures is equal to the mofjA 
of the fluid displaced, has its direction contrary to gravity, nd 
point of application at the centre of gravity of that portion f£ 
fluid. 

14. A sphere is projected vertically upwards in a fluid, find how 
high it will rise, and how long. 

15. Find the length of the isochronous simple pendulum when a 
body oscillates about an horizontal axis ; also determine the axes about 
which ihe time of oscillation is a minimum. 

16. When a weight is raised by means of a crank, to determine 
the velocity; and to shew that the arm of the lever at the end of 

which it acts may be considered as constant, and = — of the breaddi 
of the cranL 



17* Integrate the equation of differences of the first order 

and sum the following series : « 

T—z + g-r + r-T + &c to (n) terms, and to infinity, 

2».3« + 2*. 42 + 2* .52 + &C. to (n) terms, 

B V + Sir 4- 6 
cot.« - + cot.« + cot.8 + &c. to (n) terms. 

18. Express the radius of curvature of any normal section of ^ 
curve surface, in terms of the greatest and least radii of curvature 
and determine the radius of curvature of any normal section, at ^ 
given point of an oblate spheroid. 



b//. 1829.] IN PROBLEMS^ &c. 25/ 

19- Find the differential equation of the Moon's motion in 
kitude. 

20. Assuming the principle of least action^ apply the calculus of 
oriations to find the curve described in one plane by a body attracted 
a fixed centre of force* 



St. JOHN'S COLLEGE, Dec. 1829- 

1. If from the ends of the side of a triangle there be drawn 
ro straight lines to a point within the triangle, these shall be less 
an the other two sides of the triangle, but shall contain a greater 
igle. {EucL L 21.) 

2. If two similar parallelograms have a common angle, and be 
nilarly situated; they are about the same diameter. {EucL VI. 26.) 

8. Planes to which the same straight line is perpendicular, are 
ixallel to one another. {EucL XI. 14.} 

4. ABC is an equilateral triangle ; E any point in AC ; in BC 
X)duced take CD = CA, CF^CE; AF, DE intersect in H; 

HC _ AC 
EC" AC^ EC 

5. Given the base, the ratio of the sides containing the vertical 
ogle, and the distance of the vertex from a given point in the base ; 
) construct the triangle* 

& The circumference of the circle ACE is divided into six equal 
irts in the points A, B, C, D, E, F ; G is the centre of ACE ; 
ith radius AC, and centres A, D, describe two circles intersecting 
H; with radius HG, and centres C, E, describe two circles inter* 
JtinginA-; AK.AG^KG^. 

7. ABC is an isosceles triangle ; draw CE perpendicular to the 
se AB; draw ADF intersecting CE in A and CB in F; 

BE CA-^CF 
CE'^ CA + CF 

8. Find a point in a given straight line, such that the sum of 
distances from two given points, (not in the same plane with the 

^en straight line) may be the least possible. 
CSupp. V. ILJ s 



\ 
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9* BEF is a circle inscribed in the triangle ABC, toodiiifgAe 
sides EC, AC, AB, in D, E, F; HIK is a circle toudiing ABmK 
and €B, CA produced in H, /; in CH take CL » CLI, and in C/ 
take CMnBCBi 

FK=AM, and 4: . AF . FB ttz AL . MB. 

10. Find a pointy such that the perpendiculars let fall from it on 
three straight lines given in position^ may be in a given ratio. 

11. BE, AC are parallel lines; F, G, H, &c. a series of qui- 
diitant points in AC; dxnw Bfh ontting BE m B, and EF, EGJH 
&c.inf,g,h Sect Bf, Bjg, Bh &c are in hanncmic ysogMim* 

12. With any point A in the circumference of the AtS&Aif 
as a centre^ and any radius AB, less than the diameter^ and greiter 
than half the ntdini of ABF, describe a circle cutting ABI mf\ 
in it place the chordi BB, DE, EC, each e^oal to the chocd AB; 
with radius CF, and centres A and C, describe two circles intersect- 
ing in G ; with the same radius, and centre G, describe a ciide 
intersecting the circle BDF in H ; the chord HB is equal to the 
radius of the circle ABF. 



St. JOHN'S COLLEGE, Dec. 1830. 

1. Parallelograms upon the same base and between the sane 
parallels are equal to one another. 

2. Of unequal magnitudes the greater has a greater ratio to tto 
same than the less has. 

3. If the diameter of a circle be one of the equal sides of an 
isosceles triangle, the base will be bisected by the circumference. 

4. The line joining the centres of the inscribed and circumscribed 
circles of a triangle, subtends at any one of the angular points, an 
angle equal to the semi-diflference of the other two angles. 

5. Find a point without a given circle, sucU that tlM) sum. of the 
two lines drawn from it touching the cirole, shall be equal to the lin^ 
drawn from it through the centre to meet the circle. 



*6, '" tt a circle roll within another of twice its size, anj point in 
its circomference will trace out a diameter of the first. 

7* If from any point in the circumference of a circle^ a chord and 
tangent be drawn^ the perpendiculars dropped upon them from the 
middle point of the subtended arc^ are equal to one another. 

8. If a, $,Y, represent the distances of the angles of a triangle^ 
from the centre of the inscribed circle^ and a, b, c, the sides respect- 
ively opposite to them^ then a^a + S^b + y^c = abc. 

9. Describe a circle through a given point, and touching a given 
straight line, so that the chord joining the given point and point of 
contact, may cut off a segment capable of a given angle. 

10. Shew that the perimeter of the triangle formed by joining 
the feet of the perpendiculars dropped from the angles upon the 
opposite sides of a triangle, is less than the perimeter of any other 
triangle, whose angular points are on the sides of the first. 

11. Explain what is meant by the equation to a curve ; find the 
equation to a straight line, and state clearly the meaning of the 
constants involved. 

12. Trace the circle whose equation is 

draw the lines represented by the equation 

^2 — 9,xy sec.» + a* «= 0, 

and shew that the angle between them is «. 

IS, The portion of a straight line intercepted by two rectangular 
axes» and the perpendicular upon it from their jbitersection, are each 
of a given length ; what is the equation to the line ? 

14. Find the equation to the eUipsci and deduce that to the 
parabola from it 

15. Find the co-ordmates of the point from which if three lines 
be drawn to the angles of a triangle, its area is trisected. 

16. In the last qiiesticm, the distance, from the angle ii, of the 

2 
required point = -(Jjl^ + c* — a^), 

8 2 
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17. If the centre of the inacribed circle of a triangle be fiio^.^ 
and a, 0, y, represent the distances of its angles from any fixed point 
in space^ then whatever position the triangle assumes, the expressJOD*^ 
«*a + /5^6 4- y*c is invariable. 



St. JOHN'S COLLEGE, May 18SL 

1. The interest of £847 U. Sd. for 2 years and 4 months is 
£23. 5s. lO^d,, what is the rate per cent, at simple interest ? 

J 2. What is the value of £*9545454... ? Extract the square 
roots of 31 + 10>/6 and of S-iv/-7. 

J^ 3. What is the area of a room 17 feet 5 inches long, and 10 feet 
11 inches wide? 

/. . 4« The reciprocals of quantities in harmonic progression are in 
arithmetic progression. Insert two harmonic means between 3 and 4 

/. 5. Prove the Binomial Theorem for all values of the index : and 
write down the first four terms of the expansion of — rr-^ 1- 

6. Solve the following equations : 

^i ;. ^x -^ ^{a-^ x) 
J- (3). a + ft* + ca:2 = 

V(a? + y) + V(« — y) = 5 J 

7. The sum of the interior angles of any rectilinear figue 
together with four right angles is equal to twice as many right an^ 
as the figure has sides : and the sum of the exterior angles is equal 
to four right angles. 

8. If a regular polygon have n eides, any one of its inteiior 

- n — 2 
.ngks ;^.,. 



y- - 
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'^^ 9. One circle cannot touch another in more points than one. 

^ 10. Deacribe an isosceles triangle having each of its angles at 
the hose double of the third angle. ^ 

11. Deduce fe)m the last proposition the value of 8in.l8^ 

12. If a whole magnitude be to a whole as a magnitude taken 
from the first is to a magnitude taken from the second^ the remainder 
is to the remainder as the whole is to the whole. Book 5, Prop. XIX. 

13. If a straight line be at right angles to a plane, every plane^ 
which passes through it, is at right angles to that plane. 

14. Explain the respective advantages of Briggs' and Napier's 
systems of logarithms. Prove that log.« N = log.« 10 . log.io N. 

15. Prove that tan.i< ^ ± xl (t^ x-i ) 

▼ \1 + cos.2-4/ 

(cos.il ± >/— 1 sin.il)"» = cos.mil ± \/— 1 sin.m^. 

16. Given two sides of a triangle and the angle included by them, 
find the third side in a form adapted for logarithmic computation. 

17. Draw a straight Ime perpendicular to two given straight 
lines in space. 



St. JOHN'S COLLEGE, May 18S1. 

/' 1. If four magnitudes of the same kind be proportionals, the 
greatest and least of them together are greater than the other two 
together. 

2. If a straight line be at right angles to a plane, every plane 
which passes through it shall be at right angles to that plane. 

3. Sum the following series : 

1+2 + 3 + 44-5 + ... +11 
12 + 22 + S« + 4« + 5« + ... + n« .f' .. . A 
and from them deduce the sum of the series 

1.2 + 2.3 + 8.4 + 4.5 + &c. to (») terms. 

4. Solve a biquadratic equation by Waring^s method, and shew 
that the solution can only be applied to those cases in which two 
roots are possible and two impossible. 



/ ; 
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5. Solve the recurring equation 

and if a; = ^ + 2y* + Sy^ ^ &q,^ find ^ in terms of a: by reversion 
of series. 

6. Find the number corresponcling to a logaritbm not found 
exactly in tbe tables. 

7. Find the equation to a plane. 

8. In the parabola, prove that SP. SA s= ST^ ; and if ordinates 
PN, pn, be drawn from the extremities of any parameter PSp, shew 
that AN : AS : : AS : An. 

9* Find the equation to the section of an oblique cone. 

10. Express the sine and eotine of an aiif^ of a plme triangle 
in terms of its sides. 

1 1 . When a body is supported upon a curve, situated in a vertical 
jj^lane ; to find the conditions of equilibrium. 

12. Find the equation to the catenary^ when the chain is ex« 
tensible ; and from it deduce that of the catenary when inextensiUe. 

13. State and prove the principle of the conservation of vis viva, 

14. Determine the density of the atmosphere at any altitude 
above the Earth's surface, supposing the force. of gravity to vary 
inversely as the square of the distance from the Earth's centre. 

15. Prove the principle of virtual velocities in the case of a fluid 
mass acted upon by any forces. 

16. When a body is acted upon by any forces, prove that the 
motion of the centre of gravity will be the same as if all those forces 
acted at the centre ; and the motion of rotation the same as if the 
centre of gravity were fixed, and the same forces were applied* 

17. Find the attraction of a spherical shell on a corpusde with- 
out it ; the several particles of the shell attracting with forces, which 

1 8. Investigate an expression for the n^ difference of any func 
tion, in terms of its successive valued ; and prove that; 

1 



A.cot.2*9*s — - 
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19. Find the iniegralti of 



a:^ 



x^ + x + h ;r ' 



2^' (gjc- 1)(2j;+ 5) 

sum the feories 

^ 1 ^ I 31 L &c -I * 

and also the recurring teries 

1 4^ g 4. 6 H- 22 4- 86 + &c. to (x) terms. 

20. Expand j in a series of cosines of llie multiples 

of 0. 

21. Find the curve of quickest descent from one giveQ point to 
another given point 

22. A lod of given kogth slides by gravity between a horijtotital 
and vertical line* Find the angular velocity of the rod in any 
position ; and shew that the curve> which the rod always touches^ 
is a hypocycloid^ having the radiua of its generating wheel sc ^ of 
Ae radius 9f the globes 



St. JOHN'S COLLEGE, Junjb 1832. 






L Thk Metafigle contained by the diagonals of a qnadrilateral 
inscribed in a circle is equal to the rectangles contained by its opposite 
ades. , ... 

2. Draw a straight line perpendicular to two given straight lines 
not in the same plane. 

3. Shew that «*».««=: ««+», for all values of tn and «• 

4h Insert n ^thmetic means between a and b, and sum the 

series 1< + 2« + S« + .♦. + n«. / :, ^.; >. . / *^ 

5. Prove the formulse sin.^ 4- cos.-4 = ± ^/(l + sin.2-4) 

s!n.i< — cos.^ = ± >/(! — 8in.2v4), 
find eSrplain for tvhat values of A the different signs are to be used. 

6. Investigate a formula for determining the ratio of the ciroum« 
ference of a circle to the diameter; 
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7. An odd number of the roots of X' = lies between each I :9' 
adjacent two of X = 0. 1 ^^ i' 

8. Find by Trigonometry the roots of a:^ — — x= ^. 1 &< 

9' Express (a^ — Zaa' cos.^ + a'^)~T in a aeries of the form 

Ao + Ai coi.<p + At co8.Sf + &C., 

and shew that ^, + . = ^— -^__-. A-^;^3^.il.-.. 



e 

IT 



e 



10. In the elUpse CT^ + CD^ = ilC« + CB*. 

11. Investigate the equation to the sectipn of a right cone 
by a plane^ and shew in what cases it is a parabola, ellipse^ 
hyperbola. 

12. How are force and velocity measured ; and how is tl 
numerical value of the force of gravity determined ? When a bo^^^ 
is projected vertically upwards with a given velocity, find its velodt::^- 1 
after ascending through a given space. 

13. Find the condition of equilibrium that a body may be ke^^^^ 
at rest by given forces on a curve surface. 

14. When a body is sustained between two fluids, compare th^*'® 
parts immersed in each. 

15. Find the density of the air at any height above the Earth'^ ' 
surface, gravity varying as (distance) -« from the Earth's centre. 

16. If the course of a ray of light successively reflected at twc:^^^ 
plane mirrors be in one plane, the deviation equals twice the inclimi- "^ 
tion of the mirrors. 



17* A series of waves of homogeneous light diverges from a give 
point, and is reflected by two plane mirrors, which are nearly in thc^^ 
same plane with each other. Shew that the appearance upon 
screen placed parallel to the intersection of the two mirrors is a 
of black and white bars. 

18. Supposing the Earth a homogeneous spheroid, shew that thi 
force of gravity at any point is proportional to the normal at thgi 
point. Mention the different methods by which the Earth's ellipticii 
is determined. From what observations does ;t appear that thi 
Earth is not homogeneous ? 
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1 9. Prove that A . 2* . tan.-i — = 2* . tan.-i 



2* 2«.(22*+2+ 3»«) 

and integrate the equation^ m^+i War — « (m^+i — w^) + 1 = 0. 



20 
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(x'2 + y'2)« {(a: - x'r + ( j^ - /)^} 
shew that the equations of motion of a disturbed planet are 

d?x^ ^^^—^d^n, d?y^ ^i2_- — rf,12; 

in the solution of these equations explain what is meant by the 
expression ftdt{R). 

21. Wliat are meant by the periodic and secular variations in the 
planetary orbits^ and on what quantities do they respectively depend ? 
Are all the elements of a planet's orbit subject to secular variation ? 
Explain generally the method which Lagrange adopted for obtaining 
the irregularities of the distiurbed orbit from the elements of the 
undisturbed ellipse. 

22. Prove the principle of the conversation of vis viva, and shew 
that the whole vis viva = the vis viva from translation + the vis viva 
from rotation. 

CAIUS COLLEGE, Dec. 1826. 

1. At what time after eight o'clock^ are the hour and minute 
hands of a clock first at right angles to each other ? 

2. What will a deal board, 3 feet 7 inches broad, and 10 feet 
3 inches long cost, at 1^. 3d. the square foot ? 

3. Prove that m . (m^ — 1) . (wi* — 4) is divisible by 15. 

4. If the angles of the figure in Euc. I. 47 be joined, the sum 
of the squares of the lines bounding the figure, will equal eight 
times the square of the hypothenuse. 

5. If three circles mutually intersect, and the corresponding 
points of intersection be joined, the three straight lines will meet in 
one point. 

6. If perpendiculars be drawn to two lines given in position 
from a point P, and the distance between the feet of the perpendi* 
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culars be a constant quantity ; the locus of P is a circle^ whose 
centre in the intenection of the two straight lines. 

7. Sum of the tangents BA, AC is a constant quantity ; prove 
that the locus of il is an ellipse ; alto, find the idation of the con- 
stants, that the foci may be in the centres of the circles. 

8. If an ellipse and hyperbola be described on the same aans» aad 
any line be drawn from the centre cutting them^ the tangents at the 
points of intersection will make equal angles with the axes. 

9. If a^ fr^ c be the sides of a triangle, the sum of the squares of 

the distances of the centre of the inscribed circle from the angular 

Gobc 
point! 9Btac + bc + ab , ,, * 

a + + c 

10. If 8b.4d + 4 sin.30.cos.O = 0; find tan.O. 

11. Solve the equatioos , 

«" — 4.(1+ V3).jr + 3 = 0, 
and give the roots of the latter in the fi»m of hinmnial auids. 

12. If Hx as je", prove that 

« + 1 
tfx — X . Aux + X . — - — . A%x — ••• = 

13. If a, b, c ht any quantities not all equal, prove that 

rt^ > (a + 6 — c) . (a + c — 6) . (6 + c — a) 

14. There are two infinite geometrical series, the first terms of 
each being unity ; if «, and s„ represent their sums, prove that the 
sum of the infinite series formed by multiplying to ge th er die eone- 

spondine terms = ^-^— ^ — • 

15. Pro^re that anut — 3 sin.2ii + 5 8in.3a — > ••• to x terms 

= ^^ .{(2x+l).sin.j:a + (^ — l).an<*+J).«} — -t«L-- 

4co8.-- 
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CAIUS COLLEGE, Dec. 1827. 

i. Pbovx that the sum of any quantity and its reciprocirl is not 
iesi than 2. 

9. Demonstrate that ab + cd< ^{tfi 4- <^0 • >/(^ + <^)* 

S, In how many years will the interest due upon £.100 be equal 
te Uie prindpel, allowing compound interest f 

4. Prove that sin. (a + 6) . sin. (a — J) =r sin.^a — sin.^6. 

5. Given the logarithms of S and 7 : find the logarithm of 3087. 

6. The sum of four numbers in arithmetical progression is 14, 
^nd ^ snm of their squares is 54 : what are the numbers > 

7. Solve the cubic equation a:' + 4a;2 — lOor — 4 = 0. 

8. Sum to infinity the series whose general term is 

a:« — 2 J^ 
«,(ar+ 1)*2** 

9. The circumference of a circle is a mile : find the side of a 
square whose area is equal to that of the circle. 

10. If any straight Hne ASP be drawn through the focus S of 
an ellipse; prove that -cTj+cn^'* ^ constant quantity, 

11. If CBi AD bisect the sides of the triangle ABC, the area 
AOC ae area BEOD. 

12. A person sells a quantity of sugar at two guineas per cwt., 
mtMng a |R»fit of d per cent.> and clears by the whole £.100: at 
what pirice ought he to have sold it per cwt., to have cleared £.200 ? 

13. The area of a regular polygon inscribed in a circle, is to the 
area of a similar one circumscribed about the circle as 2 to 3 : find 
the number of ttdes on the polygon. 

14. If a section of a conoid be made by a plane passing through 
one of its foci, that focus is also one of the foci of the section. 
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CAIUS COLLEGE, Dec. 1827- 

1. Thb interior of two circles which touch internally is taken 
away, and the remainder vibrates in its plane round an axis passmg 
through the point of contact Required the time of a small Yibnu 
tion. 

2. Given the difference of the lengths of die longest and shortest 
days. Required the latitude of the place. 

3. A solid is generated by the revolution of the catenary about 
a tangent at the vertex. Required the content. 

4* If two sides of a spherical triangle = half a cirde, the arc 
drawn from the vertex bisecting the base equals a quadrant. 

5. The square of any plane = sum of the squares of its pngec- 
tioos on the co-ordinate planes. 

6. The maximum paracentric velocity in an ellipse, center of 

C€ C 

force in focus, = —7- -» - being the area described in 1". 

7. Q hanging freely supports P on the parabola APC, whose 
axis AB is horizontal, by means of a string passing throu^ the focus ; 
find the podtion of equilibrium. 

8. An ellipse is placed with its axis major vertical:^ find the 
radius vector drawn from the upper focus down whidi the time is a 
minimum and determine the limits of the problem. 

9. A body is projected perpendicularly upwards within the ^he- 
rical surface ADB frmn the extremity A of the horixontal diameter* 
Required the initial velocity that the body may, af^r leaving the 
surface, pass through C. 

10. A body falls from the top of a tower whose height is a. 
And another is projected upwards with a velocity a at the same 
instant from the base. Where will they meet ? 

11. The centripetal force is greater or less than the centrifugal 
according as the radius vector is greater or less than half the latus 
rectum ; the centre of force in focus. 
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12. Required when that part of the equation of time arising from 
the obliquity of the ecliptic is a maximum^ supposing the sun to 
move uniformly. 

IS. At the first observation iVTD=:76^ Z = 48* . 26' . 48". 
At second observation Z = sg^ . 58^ . 48'' ; half elapsed time in de« 
grees = IT . 15', and change of NPD = 82". Required the lati- 
tude. 

14. A solid of revolution is formed by the catenary about its axis, 
and a. hemisphere is placed on it: find the radius of the hemisphere 
irhere stable equilibrium ends and unstable begins. 

15. A body whose elasticity is e is projected from a perfectly hard 
horizontal plane with a given velocity and in a given direction, shew 
that the successive ranges are in geometric progression—and find 
the point where the body begins to roll. 

16. Two beams of given length rest with one extremity against 
two perfectly smooth vertical planes ; and with their other extre- 
mities against each other on the same perfectly smooth horizontal 
plane : find the position of equilibrium. 

CAIUS COLLEGE, Dbc. 1829- 

1. A Person invests £.10,000 in the 3 per cents, when they are 
at 75 ; they afterwards rise to 78, when he sells out and invests the 
produce in the 4 per cents at 105; what is the annual income 
derived from the latter stock ? 

2. 17 cwt. 3 qrs. 22 lbs. at £4:, 6s, 7id. per cwt 

3. The sum of the squares of the diagonals of a parallelogram is 
equal to the sum of the squares of the sides. 

4. The sum of two quantities is ^i, the sum of their cubes is ^3 ; 
find the sum of their squares. 

5. Solve the equations. 

/,x y-+y + 17a; = 54. ^ 
^ ^' V(:t« + 2.y8) + a?=S J 

(2). x^i^z^ = b 
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6. Find iy(S5) in a continued fraction. 

7. Sum !« . 22 + 42 . 5« + 7^ . 8« + &c. to n terms. 

& Find the conditum neceisary that a plane may pass tluougfa a 
given straight line and be perpendicular to another straight line not 
in the same (Jane with the former. 

9. If three arcs are in arithmetic pn^ression, the sum of the mci 
(ji ibe extremes is less than twice the sine of the mean asc 

10. A, B tare two fixed points; if two straight Itam AC, BCht 
drawn making a given angle C; prove Uiat the stvaig^t line Itoel. 
ing C passes through a fixed point and determine the point geo- 
metrically* 

11. The sum of nine terms of the series 

n^-f (11+ i)«4.(« + 2)t+ ...... 

18 equal to 501 ; find the value of it. 

12. Find tfx from the equation 

«, + 2 COS.0 . Ifx- 1 + «x-2 « 0, 

tt^ being = cos.9 and Hj == *— cumJ^B 

1 3. If perpendiculars be raised upon the middle points of the 
sides of a triangle and respectively equal to half those sides and iStte 
extremities of the perpendiculars joined ; the sum of the squares of 
these last lines is equal to the sum of the squares of the ades of the 
triangle -f six times its area. 

1 4. If any tangent be drawn to an ellipse^ and four perpendiculsR 
be drawn to the axis major from the centre of the ellipse^ the two ex- 
tremities of the axis major^ and the point of contact ; these four per- 
pendiculars are proportional. 

15. If Sx represent «» + /S* ; prove that 



CAIUS COLLEGE, Dbc. 1829- 

1. A GIVEN cone is placed with the circumference of its base oa 
a prop^ determine the force which must act vertically at the vertex 
to keep it at rest with its axis in « given position. 
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2. The centre of gravity of a solid of revolution is at the distance 
of f — ) part of the axis from the vertex. Required its form. 

3. Divide a pyramid into two parts l^ a plane parallel to the 
base, so that the distance of the centre of gravity of the upper part 
from the vertex may be equal to three times that of the lower from 
the base. 

* 4. A semicycloid has its vertex downwards and hase horizontal. 
Divide it into three parts so that the times of descent of a heavy 
body through them may be in the proportion of I, 2 and 3. 

5. A body^ of elasticity §, is projected in vacuo from the hori. 
zontal plane in a given direction and with a given velocity, find the 
whole area contained by the path described and the horizontal line 
before the body rests ; also the whole time of motion. 

/Kth 

6. A pendulum at the distance of ( t > V^^ of the Earth's radius 

above its surface, and another at the same distance below its sur- 
face vibrate in the same time. Compare their lengths. 

7. A heavy body descends in a semicycloid, whose vertex Is down- 
wards and base horizontal, and the motion commences from the 
highest point ; in every ordinate MP, MQ is taken proportional to 
the pressure at P. Required the locus of Q. 

8. Required the distance of a straight line from a spherical 
lefiectoTi that the image may be an ellipse whose major-axis is 
equal to twice its minor axis. 

9. The caustic by refraction of a plane surface, for rays diverg- 
ing from a point, is the evolute of an hyperbola or ellipse accord- 
ing as the passage is into a denser or a rarer medium* 

10. In a glass lens, find the relation between the radii, which 
with a given focal length and aperture will make the aberration for 
parallel rays a minimum. 

11. When the top of the mast of a ship has just come above the 
horizon, two complete images of the ship, vertical to it, one Inverted 
and the other erect, have been observed in the air by a person .on 
shore. Can you account for. this phenomenon.? 
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12. u =s (tan.-ia:)», find ^* 

13. Draw all the asymptotes to the curve whose equation is 

Ax^ + B^x^ + C^x + D* + E^y^Fanf^^O 

14. Transform the equation 

where u ^f{r.z) and r = ^ (a: . ^) into one where « = ^ (ar. j^ .2^ 

15. Integrate ^jjjjjj. j^^y,. 

^ I 3> +y + _.Q^ ^j^ algebraical result i3 required, 
aa: a;* + a; + 1 

'^'i' a. <^^ a. „ _ , 
515 + 5^ + 2^"''' 

rf^: , dz ^ xy 
. rfo? ^dfy "" z 

dz dz ^z 
dx dy^ a 

16. Investigate the dififerential expression for ihe volume of an; 
solid referred to three rectangular coordinates^ and apply it to fin 
the volume of an oblate spheroid. 

17* Let AB be the quadrant of a circle whose radius is (1) 
centre S, and let any radius SCi be produced both ways to PyP' 
that ClPi OF be each equal to the secant of ACt, then if a, «' be thes 
areas described by SP, SP' respectively, and ^ be the ^ASGi passed^ 
over^ prove that 

d =s tan.""^ -' • 

2 

18. A curve of double curvature is generated by a point moving 
uniformly on a quadrant from the pole to the base, whilst the quad*- 
rant itself moves uniformly through 9^°* Deduce the equations to 
its osculating plane. 

19. Divide an elliptic quadrant into two parts, so that their dif« 
ference shall be equal to the difierence between the semi-axes. 

20. Integrate the equation of differences^ 

«,+, + A{x + ^)tta?+i + B(,x + 1) (a: + 2)«* = 0. 
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CAIUS COLLEGE, May 1830. 

^. A BBAX fixed at one extremity to a hinge leans with the 
^r against the slant side of a right-angled wedge placed on a 
nnooth horizontal tahle ; what force must be applied at the back of 
^ wedge to keep it at rest ? 

2. Find the centre of gravity of an arc of the common helix, 

3. Prove that the locus of the centres of gravity of all cones 
which have a common base is similar to the locus of their vertices. 

4. Two strings of different, but uniform densities and acted on 
ry gravity, are fixed at their upper extremities, and joined at the 
^^wer; prove that at the junction the curvature of the two catena- 
tes are as the densities. 

5. A series of perfectly elastic balls are such that 

(m + !)««» baU : m*>» : : (2fii)« + 1 : (2fii)«- 1 ; 
^iven ihe vebcity of the first ball, find the velocity communicated to 
^lie last when their number becomes infinite. 

^ 6. The sum of the angular velocities of a projectile round the 
^ocus, when the projectile is at opposite extremities of any chord 
^rawn through the focus, is constant ; required proof. 

7* Prove that the image of the curve, of which the equation is 

-^ — Vf 

X — r V 2r 
jbrmed by a very small spherical mirror (rad. r) passing through the 
origin at right angles to the axis of x, coincides with the curve 
itself. 

8. Find the relation between the conjugate foci of a double con- 
vex lens, the upper surface of which is in air, the lower immersed in 
water. 

9. Explain fully the cause of the two coloured and one uncoloured 
image of the Sun formed by a prism. In what position of the prism 
will the fainter spectrum vanish ? 

10. Find the n^ differential coefficient of x^ • log.Oi^)* 
[Surr. P. II J T 



11. Trace the curve of which the equation is 
and shew that the #«lire lurea sa ^w* 



»2. Integrate ^108.(1-,.). from, = to, = 1. 



mn.t + oosil 

is, A cone having its vertex without the surface of a giyen 
sphere and its axis passing through the centre of the lattor, 
intersects the spberej determine the content of the solid common to 
both. 

14. Find the orthogonal tnyectorjr to « series of dieki w 
have a common chord* 

15. Find an expression for the curvature at any pdnt of a curve 
of double curvature when the arc is the independent variable. 

16. If /(«), /' («),/" («) &c be any function of « and iti 
successive differential ooeflScients^ then shall 

/W =/(« + *) -/' (« + 2A). ?| +/" (* + 9*). Jl^ 



CAIUS COLLEGE, June 185fi. 

1. Requirkd the value of 7cwt. 3qrs. 27lbs. at £,S, IS*. S|rf. 
per cwt. 

2. Solve the equations s/3 .x^ — 6a:+ ^3=0^ and 

•03^^ + 3ar 5= gO. 



d. A^B^C travel fVom the s«me place a,t thQ rate of 4, 5> and 6 
mU^ an hour respectively : £ starts twa hours after A, •' How long 
after j? must C gtiMrt tbat they m^y both overtake A at the same 
time? 

4. When are the minute and second hands of a watch first toge- 
ther after 12 o'clock ? 

5. Find the fr^gtiqa ^uivalent to thQ circulating decimal 
'6123456790^ and reduce it to its. lowest terms. 

6. Find the fourth term of the expansion of (j; ^2 ^ y //3)^ to 
three pilacea of decimals. 

2 

7. Extras tb^ tq^^aro root of ■■ ^*>;" in the form of a hinoroial 

surd. 

8. What annuity is equivalent to s^ sum of £iJQO paid at the end 
of every two years^ the rate of interest being 5 per pent, per annum ? 
Shew from general reasoning that it is less than ^lOQ. 

9* Find the equation to a straight lino of which the distance from 
the origin is a, and the part bet^^een tho axes of co-ordinates h, 

10. Prove that -- + —-7 + t"! + ••• to a: terms = — . ^ * 

2 3 3.4 4,5 05+2 

Fin4 tbe sum of « terms of a + 3a^ + 7«^ + 15fl* + .if 

and on« + 3^ +7' + 15^ + m, 

11« Prove that sln.3il ^ 4sfai.(60 — A) ^xi.A . 6in.(60 + A), 

12. The angle of elevation of a tower situated on a plane inclined 
to the horizon at an angle d is ot, and at a station distant a from the 
former the elevation is 0, the stations being on the inclined plane ; 
HqA the height of the tower. 

13. The sum of the squares of the distances of one angular point 
of a regular polygon of n sides from all the others = 2nr^^ where r 
is the radius of the circumscribing circle. 

14. If (ar, .^,), (a:, .^a), (a'j.^j) be the co-ordinates of the an- 
gular pd|it8 of a triangle^ twice its area 



T Q 
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15. If from any point A without an ellipse tangents AB, AC be 
drawn and BC joined; then if any line he drawn from A cuttmg 
the ellipse in D, E, the tangents from £ and D will meet in B€ 
produced. 



CAIUS COLLEGE, Junk 18S2. . 

1. A CBRTAiN quantity is to he weighed out hy a false halance: 
hy weighing at hoth ends, and taking half the weights for the re« 

2 
quired quantity, ~ of an ounce is gained in every pound, find the 

error in the place of the fulcrum. 

2. A weight Q is supported on a hexagonal axle and wheel, of 
which the radius has to the radius of the circumscribing cylinder of 
the axle, the ratio ^/3 : 1. The difference hetween the greatest and 
least forces required to maintain the equilibrium 

= -(sec.g-l). 

3. The effect of lengthening the arm of a halance, will be coun« 
teracted hy allowing the weight suspended from that arm to rest upon 
a catenary whose axis is in the same straight line with the beam, and 
which has a tension at its vertex, equal to a weight of chain of half 
the length of the beam. 

3 

4. A given isosceles triangle whose altitude is ~ rad. of a drcle 

stands upon the interior of the circumference, find the arc through 
which it can be moved without being overturned, and the pressures 
on the circumference in the extreme position of equilibrium* 

5. A cone of which the density varies as the distance from its 

3 

vertex will balance on the centre of its axis, if a weight s= ~ its own 

5 

weight be suspended at the vertex. 
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6. A bomb vessel issailing in a given direction ; a shell discharged 
with known velocity from a mortar of a certain elevation^ is observed 
to strike a fort at the instant the ship is opposite to it : find the 
uniform rate of the vessel. 

7* In making experiments upon the weights of bodies at different 
altitudes, the difference of height is found to vary nearly as the dif- 
ference in the weight. 

8. A ball of given elasticity is struck directly from the middle to 
the side of a billiard table ; find the velocity which is communicated 
to it^ that after the third impact^ it may just reach the opposite side ; 
considering friction as a uniform force. 

9* The locus of the point to which the descents from two given 
points in a vertical line are isochronousjis the rectangular hyperbola. 

10. An object is placed between two plane mirrors inclined at a 
given angle : when the mirrors are moved about their line of inter- 
section so as to preserve their inclination, the axes of the pencil after 
the second reflexion make an angle equal to that which they made 
after the first reflexion. 

11. A circular arc of given length is immersed with its plane 
vertical, so that the surface of the water bisects its chord at an angle 
of 45^; find the form of the images of the parts of thearcand chord 
immersed. 

12. A.circular arc is placed before a glass sphere at a distance H 
times the focal length of the sphere from its centre, n being a large 
number, the axes of the image are as 

1 
II — — : n. 

2» 

13. An object placed within a spherical drop of water a^qpears 
3^ times greater in diameter, than when it is at the principal focus of 
the sphere. 

14. Find the locus of the intersection of the incident and con« 
vergent ray of a pencil passing through aq[»h^re, as the pencil is con* 
tinually diminished. 



15. Determine the fonn of the caustic given t>y the iqli^tioii 

dx dy^ 

16. Find the greatest distance between two lights placed in a 
straight line parallel to th^ axis of y^ that they majr judt illamiki&te 
the whole curve whose equation is 

x^ 
^ 4a? — 2o 
imd find the minimttm ordinate of the curve. 

17* Determine the space left unoceiiipied betv^een Ail e^, and& 
hemispheroidal egg cup in which it stands \ the e|^ being iilfib sphlS 
roiditl aad having an axis^minor equal to that of the cup. 



CAIUS COLLEGE, June 1832. 

1. Tttfi s^cific gravity of alcohol is 0*796, thit of water behig 
unity ; find the specific gravity of a mixture' of tWO ^orts of fte 
former with one of the latter, supposing no condensation to take 
place. 

2. A hemisphmie il filled virith fluid ttttd indifled at a given an^ 
to the horizon ; find how much of the fluid will flow out| jttid Ai 
pressure exerted by the remainder on the surface. 

' 3. The tim^ of Oiscillatioli of a pendulum ftife obeirVed lEtt ttk^ 
Earth's surface and at a given depth betovr the ftulftoe % find freitt 
these data the radius of the Earth, supposed spherical. 

4. A liquid is contained in a graduated tube j n = the number of 
divisions at whidi the li(|uid stands when the liquid and tube ^ are at 
ft giveii temperature \ n' the number when the temperature is in- 
creased by t degrees ; shew that the dilatation of the liquid 

where a, is the culbical expdnsioii of the idaterisd of ttie Ves^llbr one 
degree of temperature. 
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5. SU{)|xl6itf g the fdiive wtik& a^ts Oh the eratik df a iit^ain.eilgine 
^ be v«itk>d> and to vaty as tlie ritie of the at^le which ihe tumt 
makes with the tertidd^ and the m^staiiee to he utiifbrttl $ shew 
that the velocity at the end of a revolution will not be altered, 
if tlie moment of* the resistance = | tlie greatest moment of the 
foite. 

6. If ^ be the zehith^ P the pole) S the Sun at the beginning of 
shortest twilight^ T the point at which the vertical circle ES cuts the 
horizon; prove that PS -{■ PT =: 180^ 

7* A pendulum oscillates in a cycloid on ah inclined plane^ and the 
friction on the pLlde == fi titaJei the ^ressiife ; shew that the friction 
will not affect the time of oscillation, and that the pendulum will stop 

aftdr it hal oscillated a number of times *:— — r —f w)iere a is 

% In cot.a 

the ongihal AiMnt^ i^m t!tie loW^st point. 

8. A cube filled with fluid revolves, with a given angular velo* 
city, about a diagonal whlcti is vertical ; find tile preSsuire on one of 
the &ces which ft)nn the upper ahgle. 

9. A rod falls by gravity in a vertical plane, one eiitllBhdty sliding 
on a curve, which is perpendicular to the horizon at the point in 
which It meets the horlzbn, and the other sliding along the horizontal 
plane ; shdw that the angular Veloaty of the rod> when it becomes 
horizontal, is independent of the curve on which one end of it has 
moved. 

10. Two bodies, which are constrained to move ih the circum<» 
ferences of concentric circles, attract each other with forces varying 

as ' ^^ ■* ; shew that the lengths of the arcs described are inversely 

as the bodies, and find the time of theii^ iAhall t^tAdllfttidhsi 

11; llie Suh*ii]4ght ^isK^sicm at D^ 

Jtihe 3fd) lidi, in Hme, is ui 4^ . 4S* . 3S0** 

4th......vV....t.....; 4.49 .Sff^. 

6th ; 4 .67 .53-5. 

Find the Sun's right sksc^nsion on the 5th of June, 1832, at 3^ «p^* 
tent time. 
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12. A hoop rolls down an mdined plane ; compare thevdoaty 
with which it leaves the plane, with that with which it b^ins tondl 
along the horizontal plane at the foot of the inclined plane. 

13. Two cylindrical weights are in equilibrium over a pully 
when a portion of one of them is immersed in a vessel of fluid ; if 
the surface of the fluid sink uniformly, shew that the weigihts wiD 
have an oscillatory motion relatively to the surface of the fluid ; und 
find its period. 

14. The time of describing an elliptic arc 

= a* . (s^ — ;; «. dn.«i + 8in.2), 
where 

t and r^ being the radii vectores drawn to the beginning and end of 
the arc, and c the chord of the arc. 

15. Employ the principle of least action, to determine the curve 
described by a particle acted on by a force tending to a centre and 

16. The equation which determines the perturbation in the radius 
vector of one planet by the dbturbing force of another planet, de< 
prived of terms depending on e, is 

^ +»«.r?r + S, Pco8.(pn^ — 5»'/+ Q)==0, 

where n is the mean motion of the disturbed, n* that of the disturbing 
planet. Integrate this equation ; and shew 

(1). That the eccentricity and place of the perihelion are 
altered by constant quantities. 

(2.) That a force which goes through all its periodic values 
nearly in the periodic time of the planet, will produce in the 
radius vector a considerable inequality. 
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QUEEN'S COLLEGE, 1825. 

1. If ft be any number whereof the alternate digits be^nning 
with the iinits are cyphers, and if the sum of the digits be divisible by 
r 4- 1, then the number itself is divisible by r + 1 ; r being in the 
base of the system. 

2. The roots of the equation x^ — px* •- jpa: -j- 1 = 0, are #f, ft 
and y ; find an expression for «** + ^ + V"* 

9. Sum the following series : 

1 + 3 + 6 + 10 + 15 + &c. to « terms. 

1 . 3 , 6 , 10 

J ^ ■■ ■ " ■ + ;r-r— r-^ + ^ . ^ /? + ^ ^ ^ , + &c. to n terms. 
1.2.3.4 * 2.3.4.5 ' 3.4.5.6^ 4.5.6.7 

X . CO8.0 + x^ . COS.29 + x^ • cos.3d, &c to n terms and to infinity. 

4. A given paraboloid standing with its base downwards on a hori« 
zontal plane is elevated, so that its base makes with the horizon a 
given angle ; find the position of a given prop which shall support it 
at that angle, when the pressure on it is a minimum, friction being 
supposed sufficient to prevent the paraboloid from sliding. 

5. Find the centre of gravity of the solid generated by the revo« 
lution of the cissoid round its axis. 

6. State the principle of virtual velocities, and apply it to find the 
position of two given weights connected by an inextensible line, and 
phiced in a hemisphere. 

7. Find the inclination of a plane, when the time down its 
length is equal to the time down the length of another inclined plane 
of the same base, and having its altitude (m) times the altitude of the 
former. 

8. Find in what direction a ball of given elasticity must be pro- 
jected from a given point in a given circle, so that after (it) re- 
flections at the circumference it may fait a given point within the 
circle. 



9. A straight line of uniform density and thickness^ oscillates 
about a given point in the same plane ; find the pressure on the axis 
in any position^ and apprb^mate to the time of ati oscillation. 

10. A given cylindrical vessel contains ei^ual bulks of three fluids 
of kiiown ^leciftc gravity^ which will not mix : divide it into thl«e 
purt% such that the pressure on each is the same. 

1 1. Find the centre of pressure of a semicircular airea cut in the 
¥^rtical side of a vessel having its diameter inclined dt a giV^h aittgle 
to the horizon. 

12. The force of gravity varying inversely al ihe ffi^ p6we^ of 
the distance from the centre of the Earthy find the density of the air 
at any altitude^ and shew the n&ethod of determining the altitudes 
of mountains by means of the barometer^ On the supposition that 
the force of gravity is constant : shew also how the result vrSl be 
aftcted by the difi^i^nce of temperature, at thg l^ aild "imm bf 
the mountain. 

13. Find the time of emptying a semi-paraboloid through a small 
briflce in its Ven^x ; the ^xls of the paraboloid being htifriin>nf&L 

14i Find th^ tinie of an oscillation m the afc o{ a cydind ; the 
reiiistance being supposed to vdryas the velocity. 

15. State the nature of the experiments Iby wliich it is proved thai 
light is tnat^al^ 

16. Having given the position of three giveii straight liii^s iii 
i^ttce> isftch dt right anglite to the horizon ; find whet6 n ^ctfttor 
must be i^tuated 10 that they sh^ ^ppeASt of this Mme length. 

17. A parabola is immersed vertically in a fluid, so that its 
tetee coincides with the suirfcice l find the equation to tha ittiagd of 
the mme. 

18. Having given the altitudes of the Sun, and of the red nag 
in the secondary rainbow, it is required to determine the sines of in- 
didence and refraction. 

19i In the douUe concave lens compare the vekrititiii Of the fbd 
of incidence and emergence. 
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Stk 8hew thai there are an infinite number of reflecting curves, 
wUch win )[itoduce the same caustic, the radiating jpmnt being 
gil^eti. 

21. Explain the construction and use of the equatoreal instru- 

22. State briefly your reasons for supposing the Earth to be en- 
dowed with a motion of rotation round its axis and a motion of trans-i 
lation round the Sun. 

23. A known star is observed to have the same altitude as an 
unknown star : having given the time of the passage of each oyer 
thb meridian and their common altitude at the time of the first ob- 
servation, find the latitude of the place. 

34. Explain fully the effect of the Siin oh the lengths of the 
Itinisu: months. 

25. Explain the nature of centrifugal force, and find the time of 
detKaiUng any portion of the curve in which the centripetal and cen- 
trifugal forced are equal to each other. 

26. Find the nature of the curve which by its revolution round 
its axis will generate a surface in which, if the force of gravity act 
parattel to the axis, the petiod df a revolution in every section per- 
pendicular to the axid is the same. 



QUEEN'S COLLEGE, May 1831. 

1. A TBA-DEALBR mlxes together 41bs. of tea at 5*. Id,, 71bs. at 
6s,, and 9lbs. at 6s, 6d. : at what rate per lb. must he sell the mixture 
td gain 5 per cent by the transaction ? 

2. Solve the following equations : 

(») * + ^ + 2«sO, (a + 6)»4- (a + c)y + (6 4- «>)z «= 0, 

<tbx 4> day 4- fes « 1; 
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3. If a straigfat line intersect the two ddes AC, BC of a plane 
triangle in the points b, a, and the base AB produced iac ; prove that 
the continued products of their alternate segments thus formed. are 
equal: namely, il6 X Be X Ca = i4c X -Ba X Cb. 

4. If any two angles of a triangle be bisected by straight lines, 
prove that the distance of the point of their intersection from the 

ansle A = — 7-\-^ * Oyb,c being the sides. 
® a + b +c ^ 

5. Find the polar equation of the circle referred to a given poiot 
either within or without the circumference: and thence shew that 
the rectangle contained by the segments of any chord passing through 
a fixed point is invariable. 

6* A freehold estate is left equally among three persons A, B and 
C; what numbers of years must A and B successively enjoy it^ that 
the unencumbered reversion may belong to C ? 

7* A beam of uniform density and thickness fastened at one end 
by a peg rests upon a wall : it is required to find its inclination to the 
horizon when the stress upon the peg is m times as great as the pres« 
sure upon the wall. 

8. If a and b represent the velocities of a body when estimated 
in directions inclined to each other at an angle a, prove that its 
velocity estimated in a direction equally inclined to them both is 

2 COS. j ft 

9* If the base and vertical angle of a plane triangle be given^ 
prove that the locus of the centres of the inscribed circles is a circle, 
and find its position and magnitude. 

10. Required the number of balls in n courses of a rectangular 
pile^ the length and breadth of the lowest course comprising p and q 
balls respectively. 

1 1. If X, Y and Z represent the forces actbg in the directions of 
the co.4)rdinate axes ol x,y and z respectively, prove that in the case 
of equilibrium upon a curved surface Xdx + Ydy + Zdz ss 0. 
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12. The vertex of a given cone is attached to the lowest point of 
a hemispherical bowl : find the stress upon the point of connection 
when the howl is filled with fluid and the axis of the cone is in a 
vertical position : find also the quantity of fluid in the bowl when no 
stress is exerted there. 

13. If any number of straight lines be placed perpendicular to the 
axis of a spherical reflector, it is required to shew that the image of 
each will pass through the same two given points. 

14. The centre of force being situated in the centre of an equi- 
lateral h3rperbola, prove that the locus of the points to which a body 
must move from the curve in the direction of the force to acquire 
the velocity in the curve is also an equilateral hyperbola^ and find its 
axes. 

15. If a and b be the perpendicular altitude and slant side of an 
upright cone^ it is required to shew that the mean distance of the 

— 1. 

a + o / 

l6k If a be any prime number whatever, then will the number of 
integers less than a^ and prime to it be expressed by a (a — 1), unity 
being considered one of them : required a proof. 

17* In a spherical triangle whose sides and angles are a, b, c and 
Ai Bi C respectively, if 

«i ^ cos.i(« "" b) 

tan.2JC= — D r(» 

cm.\{a + 6) 

it is required to shew that C = A -{- B; and from the same expres- 
sion to prove that if the radius of the sphere be indefinitely increased, 
the triangle will become right-angled at C 

18. Trace the curve whose equation is (a?* -f y^yssa^x^ + b^y^ : 
find its points of inflexion and the value of its greatest ordinate. 

19. A corpuscle is placed in the axis produced of a given para- 
boloid of revolution : find the section perpendicular to the axis which 
attracts it with the greatest force, when the attraction of each particle 
varies inversely as the square of the distance. 



i 
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30. Find the latitude of the place where the dttYatkm of ihe 
twilight is the shortest possible for a given daj. 

^l • Integrate the fbllownig difibrentials : 

and solve the following differential equations : 
(1). aifdx =a fax - ^/(x« ± ^^)} dy. 

(2). Sydx"^ — Sxdxdy + 4y«^y = 0. 

(S)- 5ar + y + ^«f*, 5j^^x + ^ = e«^. 

S2. A perfectly smooth slender rod of given length is perpendi* 
cular to the Earth's surface in a given latitude^ and a ring of heavy 
metal descends down it by the force of gravity : required the velpdty 
acquired at the surface and the time of arriving there^ the E^rth 
being supposed spheroidal^ and to revolve about its axis in 24 hours. 

23. The Sun and Moon being situsCted in the plane qf the Earth's 
equator^ shew that the greatest angular separation of high water from 

S 

the Moon^s place wa ^ sinr^ j^* and the correspcmding magnitude of 
thetide=V(M«-iS^). 

24. Given the length of the axis and the magnitude of the area 
of the generating curve^ to find the form of the vessel of revolution 
which shall be emptied through a small orifice at the vertex in ths 
least possible time. 



QUEEN'S COLLEGE, May 18S2. 

1. FiKB the time between twelve and one o'clock at which the 
hour and minute hands of a watch point exactly In opposite din 
rections. 

2< In an obtuse-angled triangle, if perpendiculars be drawn from 
the angles to the opposite sides, produced if necessaiy, they will all 
pass through the same point ; required a proof, 
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3. Solve the foHowing equations : 

(1). ^{4^ -f or) + V(l + ar) as 2^/(2 + *) ; 

(2). a* — 2a?» +« — 1 ncO: 

(3). a: -I- ^ + 2 = 6, «^ + arz -♦» ^» ^ 12 and aya = 8. 

4. Determine the length of a string which shall pass round two 
wheels of given radii situated in the same plane, and having their 
centres at a given distance from each other. 

5. If the sides and angles of a plane triangle he denoted hy 
^ *> <>* 'd, B, C respectively : then will its area he expressed hy 

1 (a« + ft* - c2) 

: required a proof. 



tan.^(i4 + 5 — C) 

6m In the equilibrium upon a cqrve^ it is required to prove that 
Xdx + Yd^ Bs: : and hy means of this equation to compare P and 
W when they sustain each other upon an inclined plane. 

. 7* Draw a rectilineal asymptote to the conchoid of Nicomedes ; 
and if any two radii vectores drawn from the pole C at right angles 

to each other meet it in Q and R, prove that -rrrr- + tt;^ is of in- 

variable magnitude. 

8. If from any point K in the focal tangent to an ellipse whose 
focus is S, a straight line be drawn perpendicular to the axis major 
at My and cut the curve in P and Q, then will KP.KQ^ SM^ : 
required a proof. 

9- If i^, P, C be three perfectly elastic balls having the velocities 
a, hy c, and A impinge upon B, and B upon C, so that their velocities 
after impact are p, 9, r respectively : it is required to shew that 

Aa^ -f Bb^ -f Cc^ = Ap^ + J5g2 + Cr^, 

10. If iS' and s be the sums due at the ends of the times T and t 
respectively^ and r be the rate of simple interest : prove that the oor-i 

rect equated time of payment is -7--- ; — 7-^—- — =r- : and 

A + * + KSt + sT) 

shew whether it is greater or less than that determined by the 

ordinary rule. 
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11. If ihe inclination of a plane be i, and 0„ 0. be the angles of 
elevation of two bodies projected with the same yelocity frcxm a given 
point in it : it is required to prove that they will always strike it in 
the same point when 0| + ^t ^ 9 + ^ 

12» A, B, C, a,b,cdxe theangles and sides of a spherical triaou 

gle^ and taiL^^Cas . ^^ ( ^: it is required to prove that 

CssA'^B, and to shew how it may be adapted to a plane tn* 
angle. 

13. Compare the resistance upon a hemispheroid moving in a 
fluid in the direction of its axis with that upon its circumscribed 
cylinder. 

14. Find where a straight line must be placed perpendicular to 
the aids of a spherical reflector^ that its image may be an ellipse of 
given eccentricity : and find the corresponding axes and latus rectum 
of the image. 

1 5. Determine that point in the periphery of an eUipse^ having 
the force in its focus^ at which the paracentric velocity is m times as 
great as the transverse : and prove that no such point can be found if 

m be greater than -rrr ^> where e is the eccentricity. 

\6. Find the conic section to which the equation 

belongs: determine also the positions of its focus and vertex^ and the 
magnitude of its latus rectum. 

17. Trace the curve whose equation is y{z^ — a^) ae a? (a:* + ««), 
and determine the natures and positions of all its singular points. 

18. Define the centre of percussion: investigate a formula for 
determining its position^ and apply it to the case of a straight rod of 
uniform density and thickness suspended by a given point. 

19. Eliminate by differentiation the exponential and trigonome« 
trical functions from the equation ^ = e' secor: and transform the 

equation y^ 5^ + 2 (^) ^y = 0, so that y shall be the inde- 
pendent variable. 
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20. In the equation ar"» — a**"*** + 6"» as 0, it is required to 
prove that there are either one or three possible roots when m is odd, 
and either four possible roots or none when it is even. 

21. In the calculus of finite differences, if Vx = Napierian log.J?, 

then will Am* = -—H -^Sta andiftt,so 1.2.3. &c.ar.ft*, 

then will Ux+ ^ — a(x + l)ux = : required a proof. 

22. Integrate the following differentials : 

\x^ 4- ax^ + b)^dx . 



0). 



2 



(2), (sm,''^xydx; 



2 



X^ 

(3). L tan. " * xdx ; 

1 + a;* 

and find the relations between the variables in the differential equa- 
tions : 

ax 

«• (' - ")g = (' - -1) I- 

23. Find the time when a comet appears stationary in its para- 
bolic path, the orbit of the earth being supposed to be .a circle in the 
same plane. 

24. Determine the velocity which will be acquired by a globe 
of given dimensions rolling down the arc of a cycloid, placed with 
its vertex downwards and its axis vertical. 



SIDNEY SUSSEX COLLEGE, May 1829. 

1. Extract the square and cube roots of 64*0070202 &c. 

2. Find the time between 2 and 3 o'clock, when the hour and 
minute-hands of a clock make equal angles above and below the line, 
joining the centre of the face and the 3 o'clock mark. 

CSupp. V. II.] u 
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5* Solve the following equations : 



x« + y« + 2« = i« I 

X : z :: x — y :. v— zJ 



5^ :3^ 

^^^- ^; — F:=7«-* 

4. Let ^ be any point in the diameter of a circle^ whose centre 
is S, PNQ a chord drawn through N, and join SP : shew geome- 
trically and analytically that PQ is a minimum^ and the angle SPQ 
a maximum, when PQ is perpendicular to the diameter. 

5. In a given semi-circle let a second semi-cirde he inscribed, in 
the second a third, and so on for ever : find the point, to whidi the 
centre of the inscribed figure is continually approaching as its limit. 

6. Compound interest being allowed at a given rate, find the 
present value of £A, £2 A, £3 A, ••• £nA, due at the end of 
I, 2, 3 ••• n years respectively from the present time ; and find tlie 
value when n is infinite. 

?• On the minor axis of a given ellipse, considered as a new 
major axis, describe an ellipse similar to the given one, and on its 
minor axis describe another similar ellipse, and so on for ever : find 
the area of the n^ ellipse, and the sum of all the areas to infinity. 

8. Let a hemispherical basin of small, but uniform thickness, 
stand on its vertex on a horizontal plane : if it be loaded at a point 
in the edge with a given weight, find the position in whidi it will 
rest. 

9. Find the centre of gravity of the solid formed by the revda- 
tion of a given sector of a cirde about a radius, which bisects its 
vertical angle: and find the limits to the place of the centre of 
gravity, when the angle of the sector is indefinitdy diminidied, or 
increased to 180°. 

10. Let a cydoid be just immersed perpendicularly in a fluid, 
so that its surface may be a tangent at the vertex : compare the 
pressures on the circumscribing rectangle, the cydoid, the isnoeks 
triangle formed by drawing the semi-c^doidal cbatds, and the gene- 
rating drcle* 
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11. Find the curve on the horizontal plane, to ii^hich a vertical 
plane reflector must be a constant tangent, so as to make the image 
of a fixed point in that plane move in a given straight line in the 
same plane. 

12. Let ilQ be any arc of a parabola, whose vertex is A, AD a 
tangent at the vertex, and QD perpendicular to it ; also let an inde. 
finite line revolve about the point A, in which let AP be always 
equal to AD, and the area traced out by AP be always equal to the 
area AQD : the locus of the point P is a spiral of Archimedes. 

13. Find the velocity with which a body must be projected per- 
pendicularly from the Earth's surface, so that it may fall again on 
the saipe point after the Earth has made one revolution on its axis ; 
and find the height to which it will rise. 



SIDNEY SUSSEX COLLEGE, May 1830. 

1. • If a solid angle be contained by any number of plane angles, 
their sum is less than four right angles. 

2. If P be the product, S the sum, and s the sum of the reci- 
procals of n quantities in geometrical progression ; prove that 

^ = (!)■ 



3. Solve the following equation : 

1 + lOo? 1 — 4a: 



=s2*4 



1 — lOo? 1 Hh 4a; 

4. Let an elastic ball be projected up a given inclined plane with 
such a velocity as would just carry it to the top : at what point of its 
ascent must it meet a hard vertical plane, so that, after reflection, 
it may fall again at the bottom of the given plane ? 

5. Find the actual time of oscillation in a given hypocycloid. 

6. Transform the equation oj* + a?^ -f- a:^ -f ar + 1 = into one 
whose roots shall be the squares of the roots of the given equation : 
and shew from the roots themselves that the transformation is 
correct, 

V2 
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7* A table is supp<»rt;ed^ in a slanting position^ on three props, of 
given but unequal heights^ and fonning a ^vcn triangle on the 
ground : find its inclination to the horizon. 

8. State those cases of oblique spherical triangles, which are 
sometimes ambiguous: and shew when they are so. 

9. Let a body, suspended by a string of given length, be made 
to describe a conical revolution with a given velocity : find the radius 
of the circle described, and the periodic time. 

10. A body is projected downwards in a medium whose resistance 
varies as the square of the velocity : determine the circumstances of 
Its descent, according as the initial velocity is greater or less than 
the terminal velocity. 

11. Given the radius of a spherical balloon, the weight of aU the 
apparatus attached to it, and the specific gravity of the gas with 
which it is filled : find the greatest weight that it can carry up. 

12. At a given place on a given day, find the number of hours 
in the afternoon during which a rainbow can be seen. 

13. Let a given triangle be placed with its base on the ground 
making a given angle with a meridian line, its plane being inclined 
fit a given angle to the horizon : the place, day and hour being 
known, find the vertical angle of its shadow cast by the Sun on the 
ground. 

14. Explain what is meant by a tautochronous curve : and find 
it when the force is constant and acts in parallel lines. 

15. Investigate fully the general expression for the centre of 
asciUation of a system of points revolving about a horizontal axis. 

16. A body revolving in an ellipse round the focus is reflected 
towards the centre from any point in the curve between the maxi- 
mum and mean distances : find the point from which, and the ang^e 
at which, it must be again projected, so that its new orbit may be 
similar and equal to the original one : and compare the time of falling 
with the periodic time in either orbit. 

17- Find the moment of inertia of an ellipse revolving about the 
centre. 
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18. Trace the curves, ^^ — ax*^, and y^ = a^^ . find the angles 
which they cut their axis, and the singularity at the point of 
tersection. 



19« Find the integrals of 

dx x'^dx 



dx 



from a; = 0, to a; = 2fl 



-, m and n being even or odd. 



(sin.ir)*" . (cos.a;)' 

20. Find the accelerating force on a solid cylinder rolling down 
given inclined plane. 

21. Find the attraction of an oblate spheroid on a particle placed 
its pole. 



JESUS COLLEGE, May 1830. 

1. When three forces act upon a body and keep it at rest, 
I) any one of them must be equal and opposite to the resultant of 
le other two ; (2) and must pass through the intersection of the 
her two. 



•1*1 • i> 



2. Define what is meant by " stable and unstable equilibrium* 
id " equilibrium of indiflference," and give an example of each. 

3. If any number of forces, in a vertical plane, act upon a body 
id keep it at rest, the sum of the horizontal and vertical forces is 
ich ss 0. 

4. Apply the last stated principle to the solution of the following : 
. weight W is supported by two equal weights P, Q connected by 
string passing over fixed pullies. A, B in a horizontal line. Find 
le position of W, 

5. In the parabola, SP = —- -r-:=* 

^ 1 + co^ASP 

6. Transform the equation a;* — a^a:^ + a-^- = (l) from 
jctangular to polar co-ordinates ; (2) to an equation between the 
^rpendicular and distance. 
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7. The roots a£ x^-^ qx + r=0 are all possible. Shew how 
they may be found by means of the trigonometrical tables* 

8. Two balls A, B of which B is imperfectly elastic^ are let fall 
at the same instant from two points in the same vertical line* Find 
the point when By after rebounding from the horizontal plane^ will 
meet A. 

9» From what height above a given inclined plane must a per- 
fectly elastic ball descend^ so that after impact it may strike a given 
point upon the plane ? 

10. Integrate -7; — -7- -. between x = 0, and a: = 1. 

^•'•VCl — * ) 

11. In the focal distance SP of a parabola, Sp is taken equal to 
the ordinate PN. Find the equation to the curye traced out by the 
point jp. 

12. Find all the angles in which the curve, whose equation is 

(l±.t\ = 2^2 . ( _- -^ cuts the axis. 

13. Determine the maximum ordinate in the equation 
y^ — axy 4- ^^ ^ 0, and shew that it is a maximum. 

14. A pendulum, which vibrates seconds at Greenwich, taken to 
another place loses n seconds a day. Compare the force of gravity 
at the two places. 

15. If n be a function of a?, and in the equation ;7-= there 

be m roots equal to a, there will be one minimum value of u corre- 
sponding to a if m be odd, and neither maxima nor minima values, 
if m be even. 

16. Draw an asymptote to the spiral, whose equation is 

a 

COS.- = -• 

2 r 

17. The surface of the solid, generated by the revolution of the 
cycloid round its base : area of the cycloid : : 8* : 3*^. 
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JESUS COLLEGE, May 18S1, 

1. No equation can have more positive roots than changes of 
signs, nor more negative roots than continuations of the same sign. 

2. Find the sum of the nfi^ powers of the roots of an equation, 
in terms of the sums of the inferior powers, and the coefficients. 

5. The accuracy of the approximation to the roots of an equation, 
depends upon the assumed root being much nearer to one root than 
to any other. 

4. In a parabola the subnormal = ^ latus rectum, and 

5. In the ellipse PF.CB^AC.BC; SP.HP^CD^ and 

the diameter of curvature = — tttt * 

PF 

6. In the hyperbola ; find the equation between its asymptotes. 

7. Draw two conjugate diameters inclined at a given angle to 
each other. 

8. Also let QR, qr be two chords intersecting in ; CD^ CD' 
the diameters parallel to them, then 

QO.OR : qO.Or :: cd^ : cif^. 

g. Find the equation to the section of a right cone made by any 
plane. 

10. If^^e'sec.x: then 1(^ + 1) ^:g=5'3 + (I) 

11. Find the equation to the curve in which the perpendicular 
on the tangent from the foot of the ordinate is constant. 

1^. Find the locus of the middle points of all equal chords in an 
ellipse. 

13. A cycloid rolls upon an equal one, find the locus of the vertex 
of the rolling cycloid. 

14. APCi is an indefinite straight line given in position; two 
lines SP, SQ are drawn from a fixed point S, and PO, QO inclined 
at a constant angle to SP, and SQ; it is required to find the locus 
of the ultimate intenectiQOS of PO, aad QO. 



3 
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15. Find tlie magnitude and position of tlie resultant of any 
number of parallel forces. 

16. The times of descent down all chords of a vertical circle 
drawn from the highest or lowest points are equal. 

17- Find the direction in which a body must be projected with 
a given velocity to hit a given mark. 

JESUS COLLEGE, May 1831. 

1. The greater side of every triangle is opposite to the greater 
angle. 

2. In a circle^ the angle in a semicircle is a right angle. 

3. Similar triangles are to one another in the duplicate ratio of 
their homologous sides. 

4. If two straight lines be at right angles to the same plane, they 
shall be parallel to one another. 

5. Find the value of -7- ._ ; .^ to three places of decimals. 

v2 + V 3 + V 5 

6. Explain the method of transforming a number from one scale 
of notation to another. Apply the rule to the case of decimals ; and 
transform 13*454 from a system in which the radix is 8, to another 
in which the radix is 4. 

7. Write down the expansion of (1 —a?)* 2 by the Binomial 
Theorem, and give the general term. 

8. Insert n geometric means between a and b, and sum the series 

X V 

— - -f- ^x + ^y 4- -7- + &c. to n terms and to infinity. 

9. Prove that 

1 — 2/i + 3 . n . — 4 . « . • 1- &c. = — XT- 

2 2 3 2«+i 

10. When the square root of a + s/h + s/c + t^d can be re- 
duced to the form V« + v'i^ + s/y ; then 

2a ^{hcd) = 6c + M + erf. 
Apply this criterion to shew that the square root of 

6 + \/8 + \/12+ \/24 
can be extracted in the above fbnn ; and find the rooti 
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1 1 . Find the present value of- an annuity to continue for n years, 
allowing compound interest. What is the present value of a per- 
petual annuity ? 

12. If a and jS, when substituted for x and ?/, satisfy the equation 
flo? + i^ = c where a and h are prime to each other ; then the 
number of corresponding positive integer values of x and y will be 

1 + / — \- ly' where 1-, l-r denote the least whole numbers less 
a o a b 

/3 a 

than - and -• 
a b 

13. Also, if two corresponding values of x and y in the equation 

S019X + 2711^^ = 378 19000 are 7000 and 6000, 
Find all their positive integer values. 

14. Shew that a* = 1 + pa: + 1- &c. where 

^ \a + 1 ^ 3 \« -M/ ^ J 

What is meant by a Naperian logarithm ? Find the value of its 
base ; and shew that p = Nap. log.a. 

15. If log.aX denote the logarithm of x to the base a : then 

log.fca:=7-^- 
log.^ft 

16. Find the number corresponding to a logarithm, not exactly 
found in the tables. 

# 

17. log.,(« 4- 1) = 2 log.,w — log.,(« — 1) 



-2-^ 



r 1 .1 1 .1 I o 1 



THE END. 



T. C. Hansard, Printer, Paternoster Row, London. 
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